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FOREWORD 


The  study  reported  herein  was  performed  by  the  U.  S.  Army  Tank- 
Automotive  Co— und  (TACOH)  and  the  U.  S.  Army  Engineer  Waterways  Exper- 
iment Station  (WES)  for  the  Department  of  the  Army  WHEELS  Study  Group. 

The  study  was  authorised  by  the  Directorate  of  Research,  Development 
end  Engineering,  U.  S.  Army  Materiel  Command  (AMC),  by  first  indorse- 
ment dated  25  April  1972  to  basic  letter  from  the  Director,  WHEELS  Study 
Group,  d,\ted  12  April  1972,  subject:  “Vehicle  Mobility  Assessment  for 

WHEELS  Study  Group,"  and  was  extended  by  letter  to  CG,  AMC,  from  the 
Director,  WHEELS  Study  Group,  dated  30  June  1972,  subject:  "Phase  II 

Additional  Requirements  for  Vehicle  Mobility  Assessment  for  WHEELS  Study 
Croup."  The  requests  called  for  on  assessment  of  mobility  of  vehicles 
already  In  the  fleet  and  candidates  for  their  replacement.  The  results 
of  this  study  were  used  by  the  WHEELS  Study  Group  In  performing  Its 
analysis  of  the  Army's  wheeled  vehicle  program. 

Acknowledgments  are  made  to  BG  J.  G.  Waggener,  and  BG  R.  J.  Baer, 
successive  Directors,  WHEELS  Study  Group,  for  providing  the  opportunity 
to  apply  the  AMC-71  Ground  Mobility  Model  to  such  an  important  study; 
to  Project  WHEELS  staff  members  who  monitored  the  study  and  provided 
helpful  suggestions;  and  to  Mr.  D.  Woomert  of  Ar  Materiel  Systems  Analysis 
Agency,  who  participated  as  a member  of  the  mobility  research  team. 

Acknowledgments  are  also  made  to  TACOK  and  WES  personnel  who  partici- 
pated in  the  study  for  their  untiring  efforts  to  ensure  the  expeditious 
completion  of  the  study. 
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tasks  through  August  1972,  under  the  supervision  of  Messrs,  h.  Otto,  TACOM, 
and  W.  G.  Shockley  and  S.  J.  Knight,  VIES.  The  material  for  this  report  wao 
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British  units  of  measurement  used  in  this  report  can  be  converted  to 
metric  units  as  follows: 
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pounds 
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Metric  units  of  measurement  used  in  this  report  can  be  converted  to 
British  units  as  follows: 

Multiply  By  To  Obtain 
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kilometers 

0,6214 

miles 

(2) 

meters 

3.2806 

feet 

(3) 

centimeters 

0.3937 

inches 
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SUMMARY 


Project  WHEELS  is  a study  to  evaluate  the  performance  of  individual, 
standard  military  trucks  both  off  and  on  road  in  relation  to  their  missions 
and  to  cash  savings  possible  through  the  elimination  of  special  military 
automotive  features,  such  as  front-wheel  drive,  or  the  use  of  commercial 
vehicles  in  some  missions.  Ouch  evaluations  can  only  be  based  upon  the 
most  reliable  assessments  of  mobility  performance  possible. 

The  AMC-71  Ground  Mobility  Model  was  used  to  assess  the  off-  and 
on-road  speed  performance  of  a group  of  military  and  commercial  vehicles 
and  vehicles  with  trailers  or  howitzers,  totaling  U8  cases  of  direct 
interest  and  6 reference  vehicles,  ranging  from  1-ton  grosB  vehicle 
weight  to  90-ton  gross  combined  weight.  The  terrain  data  ut.ed  in  pre- 
dicting off-road  performance  were  obtained  from  transects,  or  strips 
of  ground,  about  3 by  52  km  located  in  West  Germany,  Thailand,  and 
Arizona,  each  representative  of  different  types  of  climatic  zones  and 
terrain  conditions.  The  road  data  used  in  predicting  on-road  performance 
were  collected  from  segments  of  primary,  secondary,  und  trail-type  roads; 
each  segment  was  approximately  100  miles  long. 

Both  off-  and  on-road  performance  was  predicted  in  terms  of  speed  for 
all  vehicles  and  vehicle-trailer  or  -howitzer  combinations  included  in 
the  study.  Off-road  speed  was  predicted  for  traverses  made  up  of  five 
straight  lines  equally  spaced  along  the  length  of  the  transects . On-road 
speed  was  predicted  for  the  total  length  sampled  in  each  road  category. 

Several  off-road  terrain  traverse  speed  predictions  were  made.  These 

included  speed  made  over  a combination  of  areal  (patches  of  homogeneous 

terrain)  and  linear  (streams  and  rivers)  terrains  identified  as  V-^q,  npeed 

over  areal  terrain  (V^qq),  and  Bpeed  over  areal  terrain  with  the  worBt 

10  percent  removed  from  consideration  (V^).  On-road  speed  predictions 

were  made  for  trails  (V_),  secondary  roads  (V_),  und  primary  roads  (V..). 

o d x 

Performance  in  terms  of  percentage  of  off-  and  on-road  areal  terrains  in 
the  traverses  and  trails,  respectively,  that  the  vehicles  could  not  traverse 
is  also  indicated.  Rankings  of  the  performance  of  the  vehicles  considered 
were  made  on  the  basis  of  the  and  speeds  for  euch  transect  or  road 
network . 
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Examination  of  the  main  study  rmaults  showed  that  predicted  average 
speeds  were  in  many  areas  sharply  affected  by  vehicle  ride  dynamics.  As 
a result,  ride-speed  tests  were  made  on  a number  of  vehicles  in  the  study 
and  some  predictions  adjusted  accordingly  (Addendum  1).  Three  additional 
vehicles  were  also  evaluated  subsequent  to  the  main  study  (Addendum  II). 
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VEHICLE  MOBILITY  ASSESSMENT  FOR  PROJECT  WHEELS  STUDY  CROUP 


1.  INTRODUCTION 

This  study  wu  performed  by  the  U.  S.  Army  Tank-Automotive  Cosaund 
(TACOK)  and  the  U.  S.  Army  Engineer  Waterway*  Experiment  Station  (WES) 
for  the  Department  of  the  Army  WHEELS  Study  Croup  (VSC) , which  la  res- 
ponsible for  an  analysis  of  the  Army's  wheeled  vehicle  program. 

1.1  Objective 

The  objective  of  this  study  was  to  assess  the  off-  and  on-road 
performances  of  a group  of  standard  and  modified  military  wheeled  vehlclea 
and  commercial  wheeled  vehiclea  with  and  without  trailers.  The  group 
represents  a wide  range  in  mobility  and  payload  capabilities. 

1.2  Backgrcund 

Project  WHEELS  is  s staff  study  to  critically  examine  the  Army's 
wheeled  vehicle  fleet.  An  Important  aspect  of  the  exsmlnstion  is  an 
evaluation  of  the  off-  and  on-road  performances  of  individual  standard 
trucks  in  relation  to  their  missions  and  to  cost  savings  effectsd 
through  elimination  of  special  military  automotive  features,  such  as 
front-wheel  drive,  or  through  u«<*  of  commercial  vehlclea  in  certain 
ulaslons.  Such  an  evaluation  con  be  based  only  upon  the  most  reliable 
assessments  of  mobility  performance. 

During  the  planning  phase  of  Projact  WHEELS,  WSG  peraonusl  askad 
TACOM  and  WES,  the  agencleB  principally  responsible  for  the  U.  S.  Army 
Materiel  Commend  (AMC)  ground  mobility  research  program,  to  suggest  the 
most  reliable  methods  within  the  project  time  constraints  of  assessing 
the  off-  and  on-road  mobility  of  a large  number  of  vehlclea. 
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1.3  Approach 


A critical  reviev  of  currant  applicable  off  -road  mobility  tech- 
nology revealed  that  atudy  needs  would  be  best  met  by  ualng  the  AMC-71 
Ground  Mobility  Model  (AMC-71)  to  obtain  off-  and  on-road  speed 
performances  for  each  vehicle  configuration  in  one  or  more  represen- 
tative terrains.  Terrain  data  available  at  WES  for  several  strips  of 
terrain  or  transects  (each  approximately  3x50  km)  located  In  West 
Germany,  Thailand,  and  Arisons  (aea  Appendixes  A and  B)  ware  used  In  the 
study.  Necessary  vehicle  data  (Appendix  C)  were  obtained  from  TACOM, 
Aberdeen  Proving  Ground,  WES,  the  Study  Group,  and  vehicle  uanuf acturera . 

Although  AMC-71  was  developed  from  many  years  of  prior  mobility 

rcsaarch,  it  is  a first-generation  modal.  Accordingly,  some  Judgment 
was  racognixed  as  nacaaaary  for  obtaining  the  reliable  on-time 
information  neadad. 


2.  AMC-71  GROUND  MOBILITY  MODEL 


2.1  Purpose 

The  AMC-71  Ground  Mobility  Model  is  designed  to  predict  the 
quantitative  nobility  performance  of  vehicles  operating  in  quantitatively 
described  terrains.  The  model  does  not  consider  directly  any  charac- 
teristics other  than  those  that  affect  mobility,  e.g.  reliability, 
Maintainability,  fire  power,  etc. 

2.2  History 

TACGM,  WIS,  and  the  U.  S.  Amy  Engineer  Cold  Regions  Research 
end  Engineering  Laboratory  (CKKKL)  are  responsible  for  conducting  ground 
mobility  research  for  AMC.  In  FY  71,  a unified  AMC  ground  mobility 
research  program  was  implemented  with  the  capabilities  of  all  three 
laboratories  geared  to  achieve  common  goals. 

At  that  time,  a review  of  military  user  requirements  for  vehicle 

mobility  information  revealed  a common  need  for  a uniform,  reliable, 

objective  analytlcel  procedure  for  eetlraating  the  performance  of  a 
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vehicle  in  any  specific  operational  environment.  To  meet  this  need, 
the  technology  of  off-road  vehicle  performance,  developed  over  the 
preceding  25  years  of  Army-sponsored  research,  was  integrated  into  a 
first-generation  model  during  FY  71-72.  The  model,  celled  the  AMC-71 
Ground  Mobility  Model,  was  formed  by  coupling  the  significant  vehicla- 
tsrrain-drlver  interactions  that  affect  off-road  vehicle  performance.* 
This  modal  le  a digital  computer  program  with  soma  analog  computer 
submodels  for  evaluating  vehicle  dynamics.  The  snalog  outputs  ere 
interfaced  manually  with  the  main  digital  program.  AMC-71  is  available 
on  computers  at  TACOM  and  WES. 

* A draft  report  on  AMC-71,  including  programming  instructions,  is 
being  prepared  for  publication. 
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The  current  compatible  terrain  data  fllea  conaiet  of  small-scale 
areal  terrain  unit  maps  of  one  transect  each  in  Puerto  Rico , Veat  Germany, 
Thailand,  and  Arizona.  Each  transect  la  about  3 km  by  50  ka.  In  the  near 
future,  a similar  map  will  be  completed  for  a transact  in  Alaska.  Maps 
of  linear  terrain  units  (i.e.  streams)  at  the  same  scale  as  the  areal  ter- 
rain unit  maps  for  the  same  transects  are  also  being  compiled,  but  are 
not  yet  complete.  Data  for  approximately  30  aelf-propelled  wheeled  and 
tracked  vehicles  are  now  atorod  in  the  computer  fllee  for  easy  use. 

In  its  present  configuration,  AMC-71  has  been  and  is  being  used 
in  studies  to  evaluate: 

a.  Craters  as  barriers  to  vehicle  movement 

b.  The  performance  of  self-propelled  howitzers  and  prime  mover- 
howitzer  combinations  for  selected  world  terrains 

£.  Concepts  for  a Main  Battle  Tank 

d.  Performance  of  the  XK311  and  the  military  jeep  for  several 
selected  terrains 

£.  Performance  of  1/2-  to  3/4-ton  vehicle  test  bed  over  e 
variety  of  terrain  conditions 

Its  use  in  Project  WHEELS  is  the  most  extensive  practical  application 
to  date. 


2.3  Basic  Premises 


The  performance  of  a vehicle  at  any  mouant  la  the  result  of  a 
complex  Interplay  among  many  different  characteristics  of  the  vehicle, 
numerous  features  of  the  particular  terrain  in  which  it  is  operating,  its 
immediate  past  operating  history,  and  elections  and  constraints  imposed 
by  the  driver.  AMC-71  postulates  that  the  maximum  practical  speed  of  a 
sound  vehicle  at  any  moment,  including  zero  (or  No  Go)  is  the  proper 
measure  of  its  mobility  at  that  time  and  place.  Accordingly,  each  of 
the  many  system  parameters  potentially  Involved  must  be  quantified  in 
engineering  terms  that  will  permit  calculation  of  probable  vehicle  speed 
as  limited  by  one  or  more  of  a number  of  possible  specific  terrain- 
vehicle— driver  interactions.  Table  1 outlines  system  attributes 
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considered  in  AMC-71  at  this  tlaM. 

Ths  end lass  variability  of  raal  terrain  can  ba  represented  by 
a mosaic  of  places,  each  of  which,  to  soaia  feasible  resolution,  can  be  con- 
sidered unifona  (deterministically  or  probabilistically)  in  terms  of  mea- 
surable factors  affecting  vehicle  responses.  Such  a subclass  of  terrain 
is  called  a terrain  unit.  Ac  areal  terrain  unit  is  currently  character- 
ised by  13  measurements  (in  class  Intervals)  reflecting  the  type  and 
strength  of  surface  materials,  slope,  prevailing  ground  roughness,  dis- 
crete obstacles,  and  vegetation  (table  2,  column  a);  a linear  terrain 
unit  by  9 measurements  covering  type  and  strength  of  surface  materials, 
cross  section,  and  water  depth  and  velocity  (teble  3,  column  b) ; and  a 
road  unit  by  5 measurements  expressing  surface  type,  strength,  slope, 
curvature,  end  roughness  (tsble  2 column  c) . 

Maximum  practical  speeds  for  a vehicle  in  each  areal,  linear 
terrain,  and  road  unit  within  an  araa,  calculated  from  validated  engineer- 
ing relations,  can  ba  comblnad  by  aultabla  procedures  to  predict  the  per- 
formance o f the  vehicle  along  any  glvan  path  in  the  real  terrain,  and/or 
to  accumulate  a atatlatical  representation  of  vehicle  performance  in  the 
erea  as  a whole. 

2.4  Structure 


Hie  baalt  structure  of  AMC-71  is  illustrated  in  fig.  1.  Per- 
tinent vehicle  characteristics  (tsble  3)  and  complete  date  on  all  terrain 
units  in  an  area  are  stored  in  computer  files  and  accessed  sa  needed  by  a 
cantral  performance  module.  Thu  performance  module  accepts  descriptors 
for  a aingle  terrain  unit  and,  after  examination  of  a range  of  possibil- 
ities, outputs  to  e temporary  file  ths  msximus  possible  vehicle  speed  in 
the  terrain  unit  and  an  identification  of  the  controlling  relations.  The 
entire  terrain  flla  for  an  area  la  Iteratively  examined,  one  unit  at  a 
time,  until  performance  in  each  unit  has  basn  detsrmined  and  stored.  At 
that  point,  answers  in  the  temporary  file  are  organised,  suitably  com- 
bined, analysed,  printed,  raffled,  etc.,  by  an  output  routine  designed 
to  meet  the  needs  of  the  particular  study. 

5 


Th*  baeic  output  of  AMC-71  it  vehicle  a pood  in  each  of  a aarlaa 
of  areal  terrain,  linear  terrain,  and/or  voad  units.  The  further  process- 
ing of  theae  speeds  can  develop  performance  pvedictione  along  specified 
paths,  determine  optimum  paths  between  selected  points  under  various 
constraints,  and/or  generate  statistics  con earning  the  vehicle's  per- 
formance in  the  terrain  as  s whole. 

The  can teal  performance  module,  the  heart  of  AMC-71,  has  three 
parallel  forma:  one  to  handle  areal  terrain,  a second  to  examine  linear 

carraln  (rivers,  streams,  ditches,  roads,  etc.)  offering  identifiable 
linear  barriara  to  vahicle  crossing,  and  a third  to  predict  performance 
on  a network  of  roads.  A given  study  may  involve  uaa  of  one,  two,  or 
all  three  performance  modules.  The  areal  and  linear  nodulas  together 
are  identified  ea  the  off-road  modal,  and  the  road  modula  la  Identified 
as  the  on-road  model. 

A more  detailed  structure  of  the  areal  tarraln  performance 
module  ia  shown  in  fig.  2.  Terrain  and  data  files  are  accessed  by  each 
submodel  as  needed.  In  the  ereal  terrain  performance  r each  ter- 

rain unit  description  is  combined  with  the  vehicle  characterisation  to 
calculate  e number  of  possible  operating  speeds  ae  limited  by  power  and 
power  train  characteristics;  available  traction;  motion  resistances 
engendered  by  soils,  slopes,  add  overriding  of  obstacles  end  vegetation; 
local  maneuvering  to  avoid  vegetation  and  obstacles;  vide  end  obstacle- 
croeeing  dynamic*;  visibility  rsstrlctlons ; and  acceleration  and  braking 
performauca.  Tha  logic  of  the  model  examines  the  leetst  of  these  several 
speeds  as  influenced  by  obstacles  and  vegstation  and  performs  a speed 
analysis  to  decide  how  much  to  override  and  how  much  to  avoid.  From 
this  it  determines  the  maximum  feasible  vehicle  speed  within  the  dee- 
crlbad  terrain  unit.  The  module  repeats  the  procedure  three  timas  for 
each  terrain  unit  (where  required),  once  with  the  vehicle  running 
straight  ups lops,  once  running  directly  dovnslopw,  and  onca  running 
along  the  slope  contour.  The  average  of  theae  three  speeds  is  assigned 
to  the  terrain  unit  as  whole;  when  upslope  operation  is  No  Go,  the 
other  two  are  also  taken  to  be  No  Go.  The  areal  terrain  performance 


6 


module  is  constructed  with  a submodel  to  aaaaaa  a time  penalty  for  No  Go 
situations  rather  than  to  accept  a zero  speed  with  its  implications  of 
eternal  rest.  At  present,  this  submodel  has  not  been  detailed,  so  a 
unifora  In -unit  speed  of  0.1  nph  was  substituted  for  all  No  Go's. 

The  composition  of  the  linear  terrain  performance  module  is 
diagramed  in  fig.  3.  The  module  is  structured  to  account  for  fording 
(where  possible),  swiaaing  (where  possible),  rafting  or  bridging  (where 
necessary),  ingress,  and  egress.  Like  the  areal  terrain  performance 
module,  the  linear  terrain  performance  module  determines  speeds  (in 
terms  of  crossing  times)  and  No  Go's  and  assesses  time  penalties  for 
No  Go's,  in  recognition  of  the  fact  that  the  Army  will  arrange  the 
necessary  engineer  support  in  advance  if  it  must  get  through. 

The  basic  workings  of  the  on-road  performance  model  are  dis- 
played in  fig.  4.  In  its  present  form  this  model  is  essentially  an  off- 
road areal  terrain  performance  module  with  no  vegetation  or  obstacles, 
but  with  an  added  relation  for  limiting  speed  due  to  road  curvatura. 

The  areal,  linear,  and  road  spaads  for  a vehicle  in  a terrain 
(or  road)  unit  are  predicted  for  discrete  patches  of  terrain.  The  prin- 
cipal means  of  interpreting  these  for  an  area  is  to  examine  the  perfor- 
mance along  specific  or  generalized  routes,  or  traverses,  through  the 
area.  Traversu  predictions  are  made  by  adding  traverse  times  across 
a.eal  and  linear  terrain  units. 

2 . 5 Current  Status' 


Although  AMC-71  Is  a first-generation  model,  it  is  considered  a 
major  advance  over  previously  available  ad  hoc  simulations  of  off-road 
vehicle  performance,  in  completeness  and  realism  (principally  in 
accepting  a full  array  of  real  terrain  data) , relative  degree  of  valida- 
tion, and  overall  reliability.  Dating  its  formulation,  however,  some 
gaps  and  weaknesses  in  the  prior,  less  coordinated  research  were  re- 
vealed; several  problems  of  Interfacing  laboratory  Idealizations  with 
field  realities  required  judicious  resolution;  and  many  Important  areas 
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for  future  validation,  refinement,  and  useful  extension  became  evident. 
Accordingly,  AMC-71  is  still  very  much  work-in-progreB8 . 

Major  simplifications  upon  which  an  AMC-71  performance  model  is 
currently  based  are: 

a.  Terrain  is  made  deterministic  (in  the  present  instance,  by 
using  the  mid-range  values  for  each  class  of  each  descriptor) . 

bu  The  driver  acts  only  os  a governor  who  imposes  speed  limits 
baaed  upon  fixed  absorbed  power  (ride)  or  acceleration  (obstacle 
crossing)  limits  occurring  at  his  seat  location,  or  upon  forward  vis- 
ibility. 

c.  Dynamics,  traction,,  and  obstacle  negotiation  are  treated  as 
two-dimensional  only,  with  no  yaw  or  roll  motions  considered  (except  for 
possible  side-slope  overturning);  i.e.  vertical  vehicle  motions  only  are 
computed,  all  obstacles  are  approached  head-on,  etc. 

d.  Ground  roughness  and  obstacles  are  treated  as  unyielding, 
and  no  tire  or  suspension  compliance  is  considered  in  examining  lor 
obstacle  interferences. 

Performance  is  predicted  for  a single  vehicle  operating  on 
a one-pass  basis. 

_f.  Possible  surface  slipperiness  or  pronounced  soil  layering 
is  not  accounted  for. 

No  provision  is  made  for  transition  speeds  from  one  terrian 
unit  to  another,  or  for  approaching  or  leaving  a major  linear  terrain 
feature. 

h.  All  tire  traction  performance  is  calculated  on  the  basis  of 
standard,  military,  nondirectional , medium-skid,  cross-country  tires. 

AMC-71  can  predict  speed  performance  for  wheeled  and  tracked 
combat  and  support  vehicles.  Modeling  of  pitch-articulated  vehicles  is 
incomplete,  and  dynamic  modeling  has  not  yet  been  generalized  to  handle 
pitch  articulation  or  bogie  suspensions  without  special  programming. 

Careful  validation  of  the  AMC-71  off-road  model  and  submodels 
through  field  testing  was  begun  in  1971.  and  is  a continuing  long-range 
project.  Validation  testing  to  data  has  been  conducted  at  Fort  Sill, 
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Oklahoma,  and  Yum  Proving  Ground,  Arizona,  with  four  conventionally 

configured  vehiclca — two  wheeled  (M151A2  1/4-ton,  4x4  utility  truck, 

and  M35A2  2-1/2-ton,  6x6  cargo  truck)  and  two  tracked  (M113  armored 

2 

personnel  carrier  and  M60A1  tank) . The  Fort  Sill  tests  , in  which  all 
the  vehicles  maintained  traverse  speeds  ranging  from  10  to  30  soph, 
shoved  that  predicted  speeds  were  within  *4  aph  of  measured  speeds  In 
#11  cases.  Variations  were  identified  as  caused  in  large  part  by  drive; 
responses,  affected  by  visibility,  experience,  and  risk  evaluation;  to 
transition  speeds  between  terrain  units;  and  to  dynamic  power  loaaea  to 
suspension  systems.  None  of  these  effects  are  yet  accounted  for  in  the 
model.  In  spite  of  these  and  other  known  limitations,  the  model  is  con- 
sidered useful  in  current  and  near-future  simulations,  provided  only  that 
its  limitations  are  not  completely  overlooked  in  the  interpretation  and 
application  of  final  results. 
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3.  ADAPTATION  OF  AMC-71  MODEL  FOR  WHEELS  STUDY 


The  objective  of  the  WSG  as  related  to  the  use  of  AMC-71  were  to: 

<3.  Quantify  off-road  mobility 

b^.  Quantify  on-road  mobility  . 

c_.  Assess  performance  changes  due  to  denial  of  front-wheel  drive. 

d_.  Assess  performance  changes  due  to  use  of  locking  and  limited- 

slip  differentials  . 

e.  Assess  performance  changes  due  to  denial  of  special  shallow- 
water  fording  features,  such  as  waterproof  ignition. 

f_.  Demonstrate  the  effects  of  multiple  vehicle  operation  on  off- 
road mobility  performance  , 

Objectives  a.  and  b^  were  to  be  pursued  for  each  military  and  commer- 
cial vehicle  and  vehicle-trailer  combination  in  a group  of  48  of  direct 

* 

nterest  and  6 reference  vehicles  (table  9).  Weights  ranged  from  1-ton 
gross  weight  for  individual  vehicles  to  90-ton  gross  weight  for  vehicle 
combinations.  Objectives  £ through  _f  were  to  be  pursued  for  a number  of 
cases . 

For  proper  contribution  to  the  study,  changes  or  additions  to  AMC-71 
were  required  to  deal  with  problems  or  vehicle  configurations  not  yet 
addressed  in  the  operating  model,  to  utilize  dynamics  submodels  com- 
patible with  the  large  number  of  vehicles  involved  and  the  limited  time 
available  for  the  study,  and  to  formulate  output  analyses  and  formats 
suitable  for  the  study. 

To  incorporate  even  approximate  means  of  treating  problems  involving 
forces  and  motions  other  than  those  in  the  center-line  plane,  i.e.  roll 
and  yaw  articulation  or  special  differentials  was  not  possible  within  the 
study  time  frame.  In  addition,  the  Go-No  Go  advantages  of  pitch  artic- 
ulation in  negotiating  large,  single  obstacles  were  not  formulated. 


* Three  additional  vehicles  were  evaluated  subsequently.  See  Addendum  II. 
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3.1  Special  Feature  Treatment 

3.1.1  On-road  performance 


The  flow  chart  for  the  on-road  performance  model  was 
presented  earlier  (fig.  4)  to  emphasise  Its  basic  similarity  to  the  areal 
performance  module  from  which  It  waa  derived.  The  on-r  '1  model  was , in 
fact,  made  operational  specifically  to  meet  the  requirements  of  this  study. 
Power  train,  slope,  and  ride  dynamics  submodels  from  the  areal  module  were 
used  In  toto.  The  soil  strength  submodel  was  used  for  unsurfaced  fair- 
weather  roads;  whereas  constant  gross  motion  resistance  coefficients  with 
no  allowance  for  air  resistance  were  used  for  all  other  roada.  A submodel 
was  added  to  limit  speed  as  a function  of  road  curvature  and  road  type 
shown  in  fig.  5.  Note  that  the  on-road  model  can  predict  No  Go's  In  es- 
pecially severe  conditions,  such  as  might  be  encountered  in  wet  seasons  on 
unsurfaced,  fair-weather  roads  and  trails. 


3.1.2  Front-wheel-drive  denial  and  towed  trailers 

Formulas  used  in  the  soil-vehicle  submodel  for  computing 
vehicle  cone  index  (VCI) , which  is  the  minimum  soil  strength  required  to 
complete  a prescribed  number  (1  or  50)  of  passes  of  self-propelled  wheeled 
vehicles  operating  on  fine-  and  coarse-grained  soils,  apply  only  to  all- 
wheel-drive vehicles.  Because  this  study  included  vehicles  with  front- 
wheel  drive  capability  denied  and  with  towed  loads,  provision  was  added 
to  compute  the  minimum  l-pass  soil  strength  requirements  (VCI^)  for  such 
vehicle  configurations. 

A compatible  traction  submodel  was  formulated.  The  order 
of  change  that  occured  in  VCI^  requirements  for  fine-  and  coarse-grained 
soils  due  to  front-wheel  drive  denial  and  to  towed  loads  in  illustrated 
in  the  following  tabulation. 


Drive 

Configuration 

Trailer 

vci1 

Fint)-Crained  Soil 

VCIj^ 

CoarserGraiii 

6x6 



27 

26 

6x4 

— 

37 

36 

6x6 

M105A2 

34 

27 

6x4 

M105A2 

40 

50 
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3.1.3  Large  tire  deflections 


Computations  of  VCI^  in  coarse-grained  soils  use  actual 
operating  tire  deflection.  However,  normal  computations  of  VCI1  for 
fine-grained  soils  use  10-15  percent  deflection,  which  is  characteristic 
of  standard  military  tires  at  recommended  off-road  inflation  pressures. 

The  M500E1  8-ton,  cargo  truck  is  equipped  with  earthmover  tires 
designed  to  operate  at  approximately  25  percent  deflection.  The  standard 
VCI1  calculation  for  this  vehicle  was  modified  by  reference  to  the 
results  of  WES  soil  bin  research  in  clays,  which  show  a reduction  in 
VCI^  for  fine-grained  soils,  in  this  case,  of  30  percent. 

3.lJi  Reduction  in  fording,  capability 

Reduction  in  fording  capability  was  handled  by  the  exist- 
ing fording  submodel  of  the  linear  performance  module,  once  a suitably 
reduced  fording  depth  limit  was  assigned  as  a vehicle  characteristic. 

3.1.5  Effects  of  traffic  on  vehicle  off-road  performance 

To  examine  the  order  of  effects  of  multiple  vehicle  oper- 
ation on  the  speed  predictions,  the  standard  50-pass  soil  strength  crite- 
3 

rion,  VCI,-0  , was  introduced  in  place  of  the  1-pass  criterion,  VCI^>  in 
the  AMC-71  soil  submodel.  No  adjustment  was  attempted  to  reduce  vegeta- 
tion r sistanceo  as  a result  of  the  trail-breaking  efforts  of  the  first 
vehicle  or  possible  degradation  of  obstacles  with  traffic. 

3 .2  5 pedal  Dynamics  Submodels 

In  many  terrains  vehicle  speed  is  limited  by  vehicle  vibrations 
induced  by  essentially  continuous  ground  roughness  (ride  dynamics).  In 
other  terrains,  average  terrain  unit  speeds  are  limited  by  the  slow  speeds 
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necessary  tn  reduce  shock  to  e tolerable  level  while  negotiating  reg- 
ularly occurring  characteristic  obstacles,  auch  as  aaall  dikes  and  ditches. 
Both  limits  are  essentially  dynamic,  and  severity  of  response  at  the 
driver's  seat  is  assumed  to  be  the  criterion. 

The  modeling  of  vehicle  dynamics  differs  fundamentally  from 
that  of  other  e laments  in  AMC-71.  The  mathematical  simulation  of 
dynamic  response  requires  the  tlae-conauslng  solution  of  differential 
equations;  whereas  the  other  submodels  essentially  involve  rapid  solution 
of  algebraic  equations.  To  include  dynamics  effects  on  vshicla  per- 
formance in  this  study,  it  was  necessary  to  exclude  from  consideration 
the  use  of  an  available  sophisticated  ride  dynamics  submodel  programmed 
for  an  analog  computer  and  to  select  a simpler  and  more  rapid  approach 
having  an  algebraic  structure.  The  gain  in  time  is  paid  for  by  de- 
creased accuracy. 

3.2  1 Ride  dynamics  submodel 

The  simplified  ride  dynamics  submodel  used  was  based  on 
7-ride  dynamics  model  used  by  TACOM  In  support  of  the  REVAL  WHEELS 
Study  (1968).  This  linear,  two-dimensional  model  permits  only  two 
degrees  of  freedom,  single  rigid  body  pitch  and  bounce.  Only  vertical 
motions  at  the  driver's  seat  are  used  to  compute  absorbed  power;  tire 
compliances  are  not  considered.  However,  the  basic  structure  of  the  sub- 
model is  straightforward  and  allows  existing  terrain  data  to  be  used 
directly. 

The  submodel  is  used  by  specifying  a number  of  pertinart 
structural  and  geometric  vehicle  parameters.  It  outputs  a graph  of 
driver  absorbad  power  versun  vehicle  speed,  as  shown  in  fig.  6,  in  which 
the  horizontal  line  represents  the  6-watt  comfort  limit  for  a terrain 
roughness  of  1-in.  root  me  n square  (RMS)  elevation.  Intersection  of  the 
6-watt  comfort  limit  line  with  the  absorbed  power  curve  In  any  tervain 
roughness  dafines  the  limiting  vehicle  speed  for  that  roughness.  Where 
several  intersections  can  occur,  a judgment  is  mode  as  to  which  is 
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appropriate,  the  most  f request  choice  being  the  higfreet  speed  inter- 
section. Because  the  submodel  Is  linear,  speed  limits  for  any  roughness 
can  be  determined  from  a single  absorbed-power  curve  for  one  roughness 
simply  by  altering  the  power  scale  properly.  For  example,  dividing  the 
ordinstee  of  the  1-in.  RKS  elevation  curve  by  s factor  of  four  is 
equivalent  to  Inputting  a terrain  roughness  of  1/2-in.  JIMS  elevation; 
multiplying  by  four  is  equivalent  to  a tarrain  roughness  of  2.  Speeds 
obtained  in  this  manner,  plotted  against  roughness,  make  up  the  6-wett 
ride  limit  curves  used  In  the  performance  module  per  cs.  An  example  te 
shown  in  fig,  7. 

Initial  trials  of  the  original  V-rlde  submodel  resulted 
in  unreasonable  dynamic  responses  for  many  vehicles.  A set  of  modifica- 
tions was  devised  that  improved  its  apparent  performance.  These  were 
as  follows: 

For  single-axis  suspensions,  tire  spring  and 
damping  rates  were  considered  in  series  with  suspension  spring  and 
damping  rates.  The  spring  and  damping  rates  of  dual  tires  were  computed 
as  parallel  combinations  of  those  of  the  individual  tires. 

Jj.  Tandem  axles  cm  bogled  suspensions  were  regarded 
as  independently  suspended  on  springs  of  one-quarter  the  spring  rate  of 
the  actual  bogie  spring.  This  fraction  wee  obtained  by  considering  de- 
partures frost  equilibrium  position  of  the  true  suspension  eprlng  incurred 
by  the  incremental  elevation  of  one  of  the  tandem  exlee  at  a time,  and 
seemed  reasonable  in  terms  of  the  ride-smoothing  effect  of  the  bogled 
arrangement  In  most  operations. 

c.  Both  cargo  trailers  and  semitrailers  ware  handled 
by  determining  the  static  load  transferred  to  the  pintle  or  fifth  wheel, 
computing  an  "effective  mass"  corresponding  to  this  load,  end  adding 
this  quantity  to  the  inertial  maso  of  the  tractor  vehicle.  The  pitch 
moment  of  Inertia  was  not  altered.  Articulated  vehicles  were  treated  ee 
tractor-trailer  combinations. 

Trails  of  the  V-ride  submodel  with  the  above  modifica- 
tions resulted  in  improved  dynamics  predictions,  but  discrepancies  from 
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experience  were  •till  Apparent:.  To  make  a final  sdjuatxurat  co  the  rlda 
predl*  '.ions,  estimates  of  maximum  spaads  for  cha  principal  individual 
vahiclea  in  elm  study,  each  in  moderately  rough  field  terrain  (approx- 
imate RMS  elevation  « 1.5  in.),  ware  aolicitad  from  two  independent 
expert  eourcea  connected  with  neither  TAGQM  nor  WES.  The  degree  of 
coecenaua  le  illustrated  in  fig.  n.  The  two  speed  aeseseaents  for  a 
vehicle  ware  averaged  to  assign  a bench-mark  speed  limit  for  each 
vehicle  corresponding  to  1.5-in.  RMS  elevation.  This  bench  mark  waa 
used  to  adjust  the  absorbed  power  scale  on  the  haalc  ride  limit-speed 
curve  eo  that  tha  6-watt  limit  was  achiavad  at  that  spead  whan  tha 
roughness  was  at  an  RMS  elevation  of  1.5-in.  Fig.  9 compare*  computed 
and  experienced  6-watt  ride  speeds  at  this  roughness.  The  only  trend 
discernible  in  the  corrections  is  that  of  the  calculations  to  overestimate 
the  speeds  of  vehicles  in  which  the  driver's  seat  is  close  to  the  vehicle 
center  of  gravity  and  to  underestimate  speeds  when  driver  position  la 
well  forward. 

Hide-limit  speeds  at  other  roughnesses  were  read  from 
the  absorbed  power  curves  so  adjusted,  on  the  assumption  that  tha 
general  shape  of  the  computer  curve  was  due  to  major  body  uotlons  and 
was  essentially  valid.  An  axeuple  of  a ride-limit  curve  that  required 
major  adjustment  is  shown  in  fig.  10  for  the  M656  5-ton,  HxB  cargo 
truck.  Tha  same  basic  scsle  adjustment  was  used  for  each  vehicle  with 
and  without  its  appropriate  trailer.  No  adjustments  were  made  to 
calculations  for  tructor-trailer  combinations  or  other  vehicles  not 
covered  in  the  brief  experience  survey.* 

3.2.2  Obstacle  dynamics  submodel 

Once  the  analog  dynamics  submodel  is  set  up  for  the  ride 
dynamics  of  s vehicle,  the  vertical  acceleration  at  the  driver's  sast 
when  the  vehicle  is  crossing  it  Ingle  obstacles  of  various  sixes  is  raadlly 
obtained  an  a special  casn.  In  the  present  study,  the  analog  dynamics 
submodel  was  not  used.  Neither  were  any  simplified  analyses  available. 

* Sou  Addendum  1 . 
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However,  from  an  on-going  research  prog  ran,  reliable 
cast  data  on  the  speed  that  produces  the  assumed  limiting  2.5-g  vertical 
accelerstlou  at  the  driver's  saat  while  the  vehicle  la  creasing  standard- 
ized, rigid,  convex  obstacles  of  various  heights  were  available  for  four 
conventional  wheeled  vehicles  (M151A1,  H37B1,  M35A1,  and  XH410E1) , one 
fully  articulated  wheeled  vehicle  (MEXA  2-1/2- to^  10x10  cargo  test  bad4), 
and  two  conventional  tracked  vehicles  (M113  and  M60A1) . Examination  of 
detailed  teat  records  indicated  that,  despite  later  influences  from  the 
rear  axles,  the  controlling  high  acceleration  was  generally  associated 
with  front-axle  (or  wheal)  impact  upon  returning  to  base-line  level. 

With  this  Insight,  a judicious  choice  of  apparently  controlling  vehicle 
Parana tare,  and  soma  dimensional  reasoning,  an  expression  for  obstacle- 
limited  speed  versus  obstacle  height  was  dsveloped,  which  back-fitted  the 
major  levels  and  characteristics  of  tha  field  data  curves  quits  reasonably. 
The  dimension lass  expression  used  is 


where,  In  consistent  units, 

V - vehicle  speed 

B • distance  frost  axle  at  equilibria  to  bump  atop  plus  one-fifth  of 
tire  section  height 
g ■ acceleration  of  gravity 

K m total  spring  rate  on  front  axis  as  used  in  tha  ride  dynamic* 
submodel 

W - weight  on  front  axle 
It  ■ obstacle  height 

L - wheelbase  (Note:  Bogiad  suspension  counts  as  one  axle  located 

at  canter  of  leaf  spring;  for  pltch-artlculated  vehicles, 
measuremsut  is  for  front  unit  only.) 

This  relation  was  applied  uniformly  to  all  of  tha 
wheeled  vehicles  in  the  study  and  to  ths  M548A1  5-ton  tracked  cargo 
carrier.  For  the  other  two  tracked  vehicles  (H113A1  and  H60A.1) 

16 


cooaidered  in  thla  etudy,  th«  available  experimental  obatacle  height- 
speed  relations  tor  2.5-g  leval  of  vortical  acceleration  were  used 

M 

directly  In  lieu  of  the  above. 

3.3  Special  Output  Formate  (aaa  section  4.3) 

The  baaic  output  of  AMC-71  la  a lilting  of  each  terrain  unit, 
with  each  associated  potential  speed  limit  (V-aoil,  V-rida,  etc.)  and 
the  final  omnidirectional  average  apeed  for  the  unit.  Subsidiary  list** 
inge  of  terrain  and  vehicle  input  values  also  are  available. 

3.3.1  Revised  basic  listing 

For  the  present  study,  ths  baaic  AMC-71  output  for  sach 
vehicla  was  consolidated  Into  a sequentially  nuaberad  listing  of  terrain 
unite  in  decreasing  order  of  final  spasd-nsds-good  in  the  unit,  as 
illustrated  In  table  4.  For  each  terrain  unit,  ths  columns  In  table  4 
showi 

ji.  Colusa  3 - Total  percentage  of  sample  distance  (or 
crossing's)  represented  by  that  terrain 
unit 

b.  Colusn  4 - Accumulated  percentage  of  total  sample 
diatanca  starting  with  terrain  unit  in 
which  tha  vehicle  had  the  highest  speed 
£.  Column  5 - Speed  in  the  terrain  unit,  raph 
ji.  Column  6 - Distance-weighted  average  spaed  in  ths 
accumulated  distance  (4  above),  mph 
ji.  Columns  7-9  - Coded  diagnostic  indications  (flags) 
of  reasons  for  No  Go  or  controlling 
speed  consideration  In  tha  unit  whan  the 
vehicle  was  operating  up,  down,  and 
acroes  a lopes. 

* Experimental  obstacle-height-speed  relations  used  tor  commercial  5-8  T 
8x8.  See  Addendum  II. 
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The  final  line  in  the  revised  basic  listing  (table  40 
sheet  5)  gives  the  average  speed  for  the  total  saaple  distance  (or 
mnber  of  crossings).  At  earlier  points  in  the  list  can  be  found 
average  speeds  at  various  other  percentages  of  less  severe  terrain — as 
determined  by  the  vehicle  itself— -or  percentage  in  which  average  or 
in-unlt  spoed-mads-good  does  not  fall  below  a given  level.  The  last 
accumulated  distance  before  in-unit  speeds  drop  to  0.1  aph  is  ths  per- 
centage of  the  total  sample  that  is  Co  for  ths  vehicle.  Sestplue  of 
each  type  of  information  are  indicated  In  table  4. 

An  analysis  of  the  diagnostic  flags  is  printed  out  at 
the  conclusion  of  each  listing  (tabla  4,  sheet  6).  This  shows  in  poresnt 
the  acctaaulated  distance  in  which  each  No  Co  or  epead  control  was 
operable  for  tha  firat  50  terrain  units,  tha  first  100  tarrsln  units, 
etc.,  and  finally  for  tha  total  sample. 

Tha  coop late  output  for  the  wet-aeason  off-road  and 
on-road  performances  of  ths  M35A1  2-1/2-ton,  6xb  cargo  truck  In  all 
three  selected  study  traverses  (West  Germany,  Thailand,  and  Ar  irons  - 
see  auction  4.1)  ie  given  In  Appendix  1)  ax  a full  axample. 

3.3.2  Speed  profile  curves 

A special  routine  was  writ tan  to  display  the 
apeed  versus  percent  distance  information  of  ths  revised  basic  listing 
as  a curve  showing  accumulated  average  speed  as  u function  of  percent 
total  distance.  Theuu  will  henceforth  be  referred  to  as  vehicle-speed 
profiles.  A sample  set  of  profiles  for  avsel  tsrrsin  speeds  and  on-road 
speeds  in  the  three  selected  study  traverses  is  given  in  figs.  11-14, 
inclusive,  for  the  M35A1  2-1/2-ton,  6x6  cargo  truck.  Off-road  sresl 
terrain  apeed  profiles  _or  all  ths  vehicles  in  the  study  are  given  in 
Appendix  E. 
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*».  APPLICATION  PARTICULARS 

Exercise  of  ANC-71  In  support  of  the  study  involved  selection 
end/or  development  of  suitable  terrain  date,  selection  and  character! 
station  of  the  vehicles,  adoption  of  an  approach  for  organising  the 
results,  and  establishment  along  the  way  of  some  further  ground  rules 
to  fix  a few  remaining  options. 

k.l  Terrain  Used  in  the  Stud; 

The  terrain  in  which  a given  vehicle  operate!  has  an  over- 
riding Influence  on  its  Intrinsic  performance  and  also  on  its  per- 
formance relative  to  that  of  other  vehicles  in  the  same  terrain. 

Selection  of  test  terrains  accordingly  has  a major  influence  on  study 
results. 

The  detail  with  which  AJNC-71  models  the  complex  terrain- 
vehicle-driver  interactions  Is  its  main  strength,  for  it  systemati- 
cally and  even-handedly  examines  the  coupled  effects  of  individual 
and  combined  terrain  factors.  Corollary  to  this,  use  of  AMC-71  re- 
quires terrain  data  in  terms  of  quantitative  factors  and  resolutions 
that  ars  not  usually  available.  The  time  frame  of  the  present  study 
did  not  permit  extensive  nev  compilation  of  the  requisite  terrain 
data.  Rather,  available  data  had  to  be  used  to  the  greatest  extent 
possible . 

U.1.1  Areal  terrain  data 

The  most  time-consuming  class  of  data  to  collect,  pri- 
marily because  of  its  relative  quantity,  is  that  describing  areal 
terrain,  fortunately,  when  the  study  began,  complete  quantitative 
areal  terrain  >uaps  at  a scale  of  1:12500  for  three  terrain  types  of 
Interest  were  available  from  on-going  research.  These  maps  cover 
modest  samples  of  cross-country  terrain,  or  transacts,  (about  3 km  by 
‘>0  kw)  in  West  fleramy,  Thailand,  and  Arizona.*  Terrain  factor 

# A fourth"  transect  in  lWrto  Rico  was  alsomavai"iabis,  but  was " lot  used ; 
whereas  work  on  one  other,  In  Alaska,  was  not  far  enough  advanced  for 
it  to  be  considered  for  use  at  this  Juncture. 
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information  tor  each  map  permits  its  use  for  predictions  In  vet,  dry, 
and/or  average  seasons.  Specific  geographic  locations  and  orientations 
of  the  three  transects  are  ahovm  in  fig.  Al,  Appendix  A.  The  section 
of  the  ureal  terrain  unit  map  for  the  West  Cermany  transect  shown  in 
fig.  15  illustrates  both  the  resolution  of  the  terrain  unit  naps  used 
and  the  complexity  of  that  particular  terrain.  Table  S identifies 
the  ureal  terrain  factors  used  and  the  intervals  for  the  factor 
classes  of  each,  ami  fig.  16  defines  the  obstacle  geometric  factors 
Involved.  Complete  terrain  unit  listings  by  identification  number 
and  claws  numbers  for  cuch  factor  for  the  West  Germany,  Thailand, 
and  Arizona  traverse  or  routes  over  which  predictions  were  made  are 
given  in  Appendix  U. 

It  must  be  emphasized  that  none  of  the  email  mapped 
transect!*  are  fully  representative  of  the  larger  geographic  areas  with 
which  they  are  identified.  Each  was  deliberately  selected  during  the 
research  that  generated  them  to  ruptmseut  a distinctly  different, 
typically  difficult  terrain  having  some  meaningful  world-wide  importance. 

The  West  Cermany  transect  is  considered  typical  of  most 
of  central  Germany  and  similar  well-drained,  hilly,  partially  forested 
upland  areas  throughout  Europe  and  elsewhere  in  temperate  climates.  It 
is  not  representative  of  North  European  peat  country,  coastal  lowlands, 
or  Alpine  topography.  The  Thailand  transect  in  condidcred  to  be  repre- 
sentative  of  subtropical  deltaic  and  coastal  plains  under  rice  agriculture 
tin*  Arizona  transect  to  be  typical  of  arid,  subtropical  desert  country 
outside  of  major  dune  areas,  A more  detailed  description  of  each  of  the 
three  transects  lu  given  in  Appendix  A. 

Clearly,  these  thruu  trunuectu  constitute  only  a small 
sample  of  possible  world-wide  terrain  types.  As  a small  sample,  it  1m  un- 
avoidably biased.  Nonetheless,  the  three  transects  cover  both  a useful 


range  of  geographic  situations  of  potential  interest,  and  a wide  range 
of  complex  terra ln-vehicle~driver  confrontations. 

The  WSG  elected  to  have  its  vehicles  exercised  by 
AMC-71  over  the  available  West  Germany,  Thailand,  and  Arizona  transects, 
all  under  wet-seasons  conditions.  Differences  In  rainfall  between 
seasons  In  the  Arizona  transect  are  so  small  that  soil  strengths  are 
unchanged  within  the  resolution  of  the  available  terrain  data. 

To  obtain  an  area-weighted  speed  for  a vehicle  in  all 
of  the  terrain  units  in  a transect,  the  total  relative  area  occupied  by 
each  should  be  known4  and  available  tr  the  computer  in  storage  with  the 
terrain  descriptors  for  each  terrain  unit.  This  kind  of  time-consuming 
agglomeration  had  not  been  accomplished  prior  to  the  study.  As  on 
expedient,  estimates  of  areal  characteristics  wore  obtained  for  each 
area  by  sampling  it  continuously  along  five  equally  spaced  parallel 
straight  lines  running  its  length.  The  specific  paths  selected  are 
identified  as  traverses.  Sections  of  these  sampling  lines  are  shown 
In  fig.  lb-  All  unit  terrains  crossed  were  recorded,  and  the  total 
distance  in  each  was  accumulated.  These  totals  were  normalized  on  the 
las Is  of  the  total  length  of  the  five  lines,  and  the  area  was  considered 
as  though  it  was  made  up  wholly  of  the  terrain  units  encountered,  in 
the  resulting  proportions . The  following;  tabulation  shows  a comparison 
of  the  total  number  of  terrain  units  in  each  transect  with  the  number 
picked  up  by  this  sampling  procedure. 


Mobility  Transect 


Total  Wumbor  of 
Areal  Terrain  Units 


Number  Used 
in  Study 


West  Germany 

lbll 

101 

Thailand 

255 

Arizona 

*05 

2*2 

4 Note  that  a single  terrain  unit  ma7^oe“('our.3~only  in  one  connected 
patch  within  a traverse,  or  as  a number  of  discrete  patches  throughout. 
For  the  present  analysis,  relative  occupancy  only  is  required,  regard- 
less of  continuity  or  distribution. 
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4.1.2  Linear  terrain  data 


The  linear  terrain  (rivers,  streams,  canals,  etc.)  used 
in  the  study  was  that  occurring  within  the  three  selected  transects. 

None  of  the  needed  detailed  quantitative  data  were  available  prior  to  the 
study,  however . 

Within  the  operative  time  constraints,  the  requisite 
linear  terrain  data  for  the  West  Germany  transect  only  could  be  compiled 
from  available  sources.  This  was  done  by  using  the  WES  European  Waterways 
Study^  l:50000-scale  military  maps  of  the  area  and  estimates  of  physical 
characteristics  based  on  river  regime  analogs { to  characterize  each  of 
the  124  intersections  of  the  five  areal  sampling  lines  (260  km)  with 
Identifiable  linear  features. 

Linear  terrain  factors  and  the  class  intervals  used  to 
characterize  them  are  given  in  table  6.  The  geometry  terns  are  defined 
In  fig.  17.  The  quantitative  data  used  in  this  study  on  the  river 
terrain  units  in  the  West  Germany  transect  and  their  relative  occurrence 
are  glvan  in  the  listing  of  linear  terrain  units  in  Appendix  B. 

Following  a preliminary  analysis,  28  crossings  (com- 
prising 17  different  river  types)  were  found  to  be  No  Go  for  all  of 
the  wheeled  vehicles  in  the  study,  and  these  were  eliminated  from  the 
final  evaluation  of  times  required  by  all  vehicles  for  negotiation  of 
linear  features.  This  was  done  on  the  premise  that  no  realistic  mission 
would  require  negotiation  of  crossings  of  this  severity  by  any  vehicle 
without  preplanned  engineer  support.  Those  terrain  units  eliminated  on 
this  basis  are  identified  in  the  listing  in  Appendix  B. 

4.1.3  Road  data 


The  road  networks  selected  f'ur  the  study  were  essen- 
tially those  existing  in  the  three  study  transects.  Although  needed 
quantitative  data  for  these  were  not  available  prior  to  the  study, 
data  for  all  three  areas  were  compiled  for  the  exercise.  The  West 
Germany  roads  quantified  during  the  study  are  those  occurring  on  the 

22 


DEUTSCHLAND  l:r>0000  series  M7^5  map  sheets  L6918  and  L6920  between  grid 
lines  09.18  and  6920.  Geographically,  the  boundaries  are  b9*  03'  26" 

N latitude  and  t9°  00'  bb"  N latitude,,  and  9°  20'  E longitude  and  8° 
bO'  E longitude.  This  approximates  about  one  half  of  the  West  Germany 
transect.  The  Thailand  roads  are  those  occurring  on  the  THAILAND  1:50000 
series  L708  map  sheets  5153  I,  515^  I,  515b  II,  and  5155  II,  with  the 
boundaries  lb*  10"  N latitude,  and  lb*  50'  N latitude,  and  100*  b5' 

E longitude  and  101*  00'  E longitude.  The  roads  quantified  near  Yuma, 
Arizona,  are  those  occurring  on  the  ARIZONA  1:50000  series  V978  map 
sheets  31**9  I and  31^9  IV.  The  boundaries  are  33“  00'  N latitude  and 
32*  1*5'  I!  latitude,  and  llU*  00"  W longitude  and  lib*  30'  W longitude. 

Preliminary  study  of  the  maps  indicated  that  all 
roads  in  alL  areas  could  be  readily  grouped  from  the  map  legends  into 
three  usable  types: 

a.  Primary  or  type  1:  Surfaced  all-weather  roads, 

two  lanes  or  more 

b.  Secondary  or  type  2:  The  balance  of  all-weather 

roads,  generally  unpaved  but  improved,  plus  paved  roads  less  than  two 
lanes  wide 

c.  Trails  or  type  3:  Unimproved  and  fair  weather 

roads  and  trails  of  at  least  one  vehicle  width 

Each  type  was  quantified  separately  in  terms  of  the  road 
factors,  factor  classes,,  and  ranges,  as  shown  in  table  7.  Each  unique 
combination  of  factor  classes  denotes  a "road  unit,"  fully  analogous  to 
a terrain  unit  as  used  in  the  off-road  model. 

Within  a type,  readily  identifiable  from  the  map 
legend,  slope  and  curvature  were  measured  directly  from  the  maps.  Slope 
was  obtained  by  measuring  distances  along  the  roads  between  contour 
lines.  However,  since  the  contours  did  not  indicate  road  cuts  or  fills, 
some  judgment  was  required  to  account  for  these  road  construction 
practices.  To  approximate  this,  maximum  slope  in  any  type  1 road  segment 
was  limited  to  7 percent  (slope  types  1-3);  that  on  any  type  2 road  to 
27  percent  (slope  classes  1-7).  Type  3 roads  were  assumed  to  follow 
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the  natural  slope  of  the  terrain  and  had  no  slope  limitations  imposed. 

Road  curvature  is  defined  as  the  angle  at  the  center  of 

Q 

the  curve  subtended  by  an  arc  of  100  ft . Curvature  was  measured  from 
the  maps  with  templates  at  the  same  scale.  A curvature  class  could  be 
assigned  to  each  curve  or  intersection  discernible  at  the  1:50000  scale. 
At  each  intersection,  all  of  the  measured  curvature  was  assigned  to  the 
lower  class  of  road  involved,  or  where  roads  of  the  same  type  intersected, 
to  the  shorter  section  or  to  the  non-through  road  as  appeared  appropriate. 
Through  villages  and  cities,  only  the  primary  roads  were  followed  and 
road  units  defined  accordingly. 

Every  unique  combination  of  the  factor  classes  for  road 
type,  slope,  and  curvature  was  assigned  a road  unit  number;  and  all  dis- 
tances were  identified  with  each  number  accumulated.  The  two  remaining 
factors  in  the  complete  road  unit  quantification,  surface  strength  and 
"lughness,  were  assigned  indirectly  as  described  below. 

All  type  1 and  type  2 roads  were  considered  to  have 
adequate  bearing  capacit  • for  all  vehicles,  even  in  the  wet  season. 
Accordingly,  constant  motion  resistance  coefficients  were  assigned  for 
all  wheeled  vehicles:  !i0  lb/T  for  type  1 roads  (essentially  paved),  and 

Q 

70  lb/T  for  tvpe  2 (essentially  gravelled).  On  the  basis  of  experience 
and  judgment,  v/et-season  surface  strength  of  type  ? roads  in  West  Germany 
and  Thailand  was  arbitrarily  related  directly  to  the  drainage  situation 
and,  hence,  to  recorded  slope,  as  follows: 

a.  Slope  less  than  2 percent;  poorly  drained:  RCI  = 

61-100  (strength  class  5) 

b.  Slope  2 .1-7  percent;  moderately  drained:  RCI  = 101- 

luO  (strength  class  M 

c.  Slope  greater  than  7 percent;  well  drained:  RCI  = 

lul-220  (strength  class  3) 

Surface  strength  for  type  3 roads  in  the  Arizona  traverse  was  assumed  to 
be  as  great  as  the  soil  strength  in  the  surrounding  area,  which  was  gen- 
erally greater  than  280  cone  index.  bus,  for  Arizona,  RCI  = 280  was 
used  for  all  type  3 roads. 

2b 
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No  special  relation  for  surface  slipperiness  was  in- 
i' ] 

troduced;  however,  to  account  for  the  general  loss  of  traction  on  wet  j 

roads,  traction  on  all  roads  was  reduced  by  20  percent.10 

: Since  surface  roughness  patently  could  not  be  measured 

; on  the  1:30000  maps,  type  1 roads  were  assumed  to  be  relatively  smooth  j 

and  free  of  surface  irregularities,  type  2 roads  somewhat  less  smooth,  j 

[ and  type  3 roads  much  less  smooth.  Accordingly,  a minimum  surface  rough-  | 

: | ness  of  0 to  O.h-in.  RMS  elevation  was  assigned  to  type  1 roaus.  To  » 

' } account  for  expected  variability  in  the  other  two  types,  surface  rough-  jj 

i ness  values  of  0 to  O.^-in,  and  0.5-  to  1.5-in.  RMS  elevation  were  j 

; allowed  for  type  2 roads,  and  0 to  O.^-in.,  0.5-  to  1.5-in.,  1.6-  to  4 

\ 2.5-in.,  and  2.6-  to  3* 5-in.  for  type  3-  In  these  latter  two  classes,  j 

one  of  the  allowable  values  was  randomly  assigned  to  each  road  unit.  | 

| Long  road  units  (more  than  20  percent  of  the  total)  were  divided  into  | 

equal  parts,  and  one  of  the  allowed  roughnesses  was  assigned  to  each.  j 

Road  unit  distances  in  the  results  were  normalized  in  the  same  wanner 

* 

as  off-road  traverses . i 

* 

Roads  in  each  type  were  sampled  within  each  transect  > 

until  a total  of  approximately  100  km  per  type  had  been  characterized.  . 

/ As  expected,  total  mileage  in  the  three  classes  was  generally  least  in 

type  1 and  greatest  in  type  3-  Where  there  was  not.  a total  of  100  km 
of  a type  within  the  traverse,  the  campling  area  was  extended  into 
^ similar  terrain  laterally  on  each  side  until  the  requisite  mileage  was  , 

v reached . Where  total  mileage  of  a type  within  the  transect  was  far  in 

excess  of  100  km,  appropriately  reduced  areas  within  the  transect  were 
sampled  to  obtain  at  least  100-km  total  traverse.  These  were  spotted 
? about  the  total  transect  area  so  as  to  reflect  apparent  differences  in 

6 r-c\d  density,  relief,  land  use,  etc. 

The  road  unit  maps  were  constructed  in  the  same  manner 
as  off- road  linear  terrain  maps.  The  road  unit  maps  for  type  1 and  type  2 
roads  in  the  Western  Germany  traverse  are  shown  in  fig.  18.  Fig.  19  shows 
the  location  of  areas  used  in  samplinp  type  3 roads,  and  fig.  20  one  of 
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the  samples.  Table  8 summarizes  areas  and  road  lengthB  (in  miles) 
sampled  for  each  road  type  in  each  traverse,  and  associated  road 
densities.  Complete  road  unit  listings  by  identification  number  and 
class  numiers  for  each  factor  in  West  Germany,  Thailand,  and  Arizona 
are  given  in  Appendix  B. 

*4 Vehicles  Considered  in  the  Study 

The  Ji8  vehicles,  modifications  thereof,  and  vehicle-trailer 
corn  inati ms  of  direct  interest  to  the  WSG  were  selected  by  that  group. 

Six*  additional  vehicles  also  were  characterized,  three  wheeled  and  three 
tracked,  as  experience  references.  All  are  listed  in  table  9**  along 
with  a summary  of  some  of  salient  characteristics  and  performance  parameters. 
In  Appendix  C,  the  quant if i cation  of  parameters  for  each  vehicle  and 
vehicle-trailer  combination  necessary  to  implement  AMC-71>  including 
relations  obtained  from  the  dynamics  submodel,  is  tabulated  as  inputted 
to  the  computer  files.  Sources  from  which  requisite  data  were  compiled 
are  shown  in  table  3. 

The  values  characterizing  the  vehicles,  and,  of  course,  the 
final  outputs  as  well,  reflect  the  following  ground  rules  established 
jointly  with  the  WSG: 

a_.  All  military  vehicles  and  trailers  were  run,  both  off  and 
on  road,  with  the  payload  specified  in  Arm,/  characteristics  data  sheets 
fcr  oi’i-road  and  cross-country  operations. 

j_.  Each  commercial  configuration  was  run  with  the  same  pay- 
load as  the  military  vehicle  with  which  it  was  nominally  competitive. 

c,  Soil  and  dynamics  performances  were  calculated  in  all 
cases  at  tire  pressures  recommended  in  the  characteristics  data  sheets 
for  off-road  use,  except  that  for  operations  in  coarse-grained  soils, 


* Pius  three  additional  wheeled  vehicles,  see  Addendum  XI. 

**  See  Addendum  I for  updated  dynamic:]  peri>nnance  data  on  some  vehicles; 
Addendum  II  for  data  on  three  additional  » , nicies . 
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aoil  predictions  were  based  upon  maximum  practical  tire  deflections 
(i.e.  further  reduced  pressures)  taken  in  all  cases  as  25  percent  of 
the  tire  section  height. 

d_.  Maximus  operating  or  tawing  Bpeeds  for  specific  vehicles 
and  trailers  were  imposed  where  officially  recommended  (see  Appendix  C) . 
Consultation  with  the  U.  S.  Army  Artillery  Board  indicated  that  no  tow- 
ing limits  were  necessary  for  the  few  vehicle-howitzer  combinations 
included . 

4.3  Organization  of  Hesults 

In  light  of  both  the  further  uses  to  which  the  WSG  proposed  to 
put  the  AMU-71  output  and  the  time  limitations,  a statistical  represen- 
tation of  euch  vehicle's  predicted  performance  was  deemed  appropriate. 

The  basic  statistical  measure  seLected  was  uverago  off-road  speed  within 
an  urea  and,  separately,  average  speed  on  the  associated  roads  (appro- 
priately classed).  for  present,  purposes  these  uveruge  speeds  would  be 
defined  as  simple  arc*u  (or  distance)  weighted  averages  of  maximum  speeds 
within  the  terrain  units  (or  road  units),  without  consideration  of 
accelerations  and  decelerations  during  transitions  from  one  terrain  unit 
to  the  next.  This  greatly  simplified  the  necessary  organization  of 
terrain  data  und  its  final  interpretation. 

ldirthcr,  It  was  recognized  that  at  least  two  levels  of  off- 
road mobility  were  involved  in  the  Army's  long  list  of  missions.  For 
forward- urea  missions  requiring  the  highest  mobility,  average  speed  in 
the  area  as  a whole,  including  delays  for  crossing  linear  terrain 
features  encountered,  was  deemed  appropriate,* 

* Since  lack  of  precompiled,  detailed  terrain  data  (section  4.1.2)  in 
fact  made  it  possible  to  develop  linear  terrain  crossing-time  predictions 
for  the  West  Germany  trausec..  only,  both  the  speed  for  100  percent  of 
the  areal  terrain  units  only  (denoted  V^q)  and  speed  with  linear  terrain 

crossing  delay: i added  (V-,^)  are  shown  for  this  traverse,  and  V1Q0  only 

is  given  for  the  other  two  (3ee  table  10) . 
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For  medium-mobility  missions , where  avoidance  of  some  of  the 
least  favorable  suctions  of  terrain  vould  be  normal  and  acceptable , 
average  speed  In  that  part  of  the  areal  terrain  left  after  eliminating 
the  worst  10  percent  of  tho  area  was  accepted  as  more  realistic  (V^q). 

A subsidiary  statistic  desired  was  the  percentage  of  the  area 
in  which  the  vehicle  was  mobile  (percent  (Jo) . The  routines  to  output 
these  figures,  plus  some  diagnostics,  have  been  described  in  section  3.3. 


5.0  SUMMARY  AND  DISCUSSION  OF  RESULTS 


5. ] Results 


Off-  and  on-road  average  epaada  (mph)  predicted  by  AMC-71 
for  all  vehicles  in  each  of  the  three  study  traverses  are  summarised 
in  table  10. * The  vehicles  are  ordered  by  puyload  class  with  military 
and  commercial  vehicles  with  front-wheel  drive  denied  included  in  each. 
Predictions  for  reference  tracked  and  wheeled  vehicles  are  grouped  at 
the  end  of  the  table.  For  each  traverse,  columns  from  left  to  right 
preeent : 

£.  - West  Germany  traverse  only;  average  speed  in  all 

terraina.  Including  crossing  tines  for  linear  features,  except  the 
approximately  25  percent  judged  to  require  engineer  support  at  all  tinea 
— * vioo  “ Average  speed  in  all  areal  terraina  (l.e.  with  no 
stream  crossings) 

jc.  VgQ  - Average  speod  In  90  percent  of  areal  terrain  in  which 
each  vehicle  maintained  the  highest  speeds 

d_.  - Average  speed  on  trails  and  fair-weather  roads 

(type  3) 

a.  V2  - Average  speed  on  unsurfaced,  all-weather  roads 

(type  2) 

jf.  - Average  speed  on  surfaced  roads  (typo  1) 

£.  Percentage  of  steal  terrain  in  which  operation  waa  Go 
h.  Percentage  of  type  3 roads  on  which  operation  waa  Go 

TuLle  11**  summarizes  Llic  No  Go  or  speed-controlling  terrain- 
vehicle  interactions  for  each  vehicle  in  each  areal  terrain  in  terms  of 
the  percentage  of  traverse  distance  in  which  each  such  interaction  was 
operative. 

These  predictions  answer  the  basic  WSC  questions  concerning 
off-  and  on-road  performance  of  standard  military  and  coesuerclal  vehicles 
and  vehicles  with  front-wheel  drive  denied,  with  and  without  trailers, 
for  the  three  traverses.  In  a few  cases,  vehicles  were  towing  howitzers. 

* Table  is  updated  to  reflect  results  shown  in  Addenda  I and  11.  Original 
predictions  are  preserved  In  Addendum  I. 

**  Original  results  only,  plus  three  additional  vehicles. 
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They  consider  no  route  ■* lection  or  optimisation  beyond  that  raf looted 
in  the  V90  speed.  Performance  prodlctlona  ara  for  wet-season  operation 
of  a aingla  vahicla,  and  do  not  include  any  influence  of  possible  local 
ellpparinesa  or  pronounced  layering  in  soil  strength.*  They  include 
arbitrary)  but  reaaonabla,  tin*  penal tie*  for  negotiating  Ho  Co  eltuationa 
aa  needed  to  cover  the  terrain  to  the  extent  intended  (100  percent  with/ 
or  without  atreon  crossings,  or  90  percent).  Questions  concerning  tire 
tread  or  differential  daeign  ara  not  addressed. 

Uhereae  the  principal  apeed  prediction*  refer  to  single  vehicle 
operation,  table  12  illustrates  for  four  sample  vehicles  the  order  of 
degradation  in  off-road  performance  that  can  ba  expected  whan  the  number 
of  vehicle*  involved  in  an  operation  ia  *o  large  thet  ae  way  «a  SO 
vehiclua  must  pass  essentially  in  file  during  croes-country  travel. 

Table  13  present*,  for  the  tractor-trailer  combination*  in  the  study, 
predicted  maxlmus  speed*  possible  whan  the  vehiclee  ere  negotiating 
smooth  paved  roads  up  * 3 percent  grade,  down  a 3 percent  grade,  and 
on  the  level,  with  a 70-nph  absolute  speed  linit  imposed. 

5.2  Realism  and  Reliability  of  tho  Kesult* 

The  usefulness  of  the  results  to  the  WSG  depends  on  e clear 
assessment  of  their  limitations.  If  ths  logic  of  AMC-71  is  acceptable 
and  properly  executed,  there  ere  still  five  broad  clsases  of  errors 
that  could  be  involved. 

a.  Type  1:  Input  errors,  sither  in  vehicle  characterisation 

or  in  terrain  information,  starting  at  the  basic  source,  but  possible 
right  through  to  typographic  errors  in  entering  the  deic  to  the  computer 
b_.  Type  II : Errors  in  ths  submodels  that  determine  physical 

response 

£.  Type  III:  Errors  arising  because  of  the  particular  treat- 

ment of  terrain  date  in  terms  of  class  interval* 

d.  Yyp*  IV:  Output  errors  in  transcribing  computed  results  to 

* Or,  in  the  Wdst  Germany  transact,  of  possible  enow  cover. 
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final  report*,  curves,  and  analyses — trivial,  but  potentially  as  die-  i 

ruptive  to  the  results  as  any  othar 

e.  Type  V:  Interpretation  error*:  due  to  ignoring  or  Misunder- 
standing assumptions  and  limitations  j 

Preceding  sections  havs  outlined  baaic  limitations  of  AMC-71  j 

and  the  assumptions  used,  including  those  specif ic.slly  made  to  handle 
thie  study.  Kir or  type  V will  bo  addressed  in  the  following  paragraphs  j 

by  examining  the  apparent  inilusnce  of  the  AMC-71  limitations  upon  the 
results  in  context  of  other  postulated  error  types  (except  IV,  which, 
along  with  transcription  errors  in  type  I,  have  been  largely  eliminated 
by  methodical  checking).  j 

1 

S.p.l  Terrs  In  used  ! 

i 

The  most  cursory  examination  ol'  table  10  shows  that 
terrain  inputs,  as  expected,  have  a major  influence  upon  all  off-road 

\ 

speed  predictions.  Accordingly , it  hears  repenting  that  the  three 

i 

study  transect*  must  not  he  construed  as  representing  tin*  entire 
geographical  area  hy  which  thev  are  conveniently  designated. 

^Supplementing  the  controlling  descriptions  presented 
in  Appendix  A,  the  vehicles  In  the  study  have  generated  a vehicle- 
oriented  analysis  of  the  areal  features  of  the  traverses.  Table  lk 
shows  how  the  traverses  "appear"  to  three  high-mobility  vehicles  (whose 
viewpoints  are  remarkably  homogenous);  and  as  they  are  "seen"  hy  three 
standard  mobility  vehicles  with  their  performance  levels  reduced  hy 
front-wheel  drive  denial  (whose  concensus,  while  clear,  Is  not  quite 
a*  stiarp)  . In  terms  of  areal  features,  the  Thailand  traverse  is  most 
restrictive  to  vehicle  performance.  It  Is  characterised  by  weak  soils 
(affecting  the  low-mobility  vehicles)  and  numerous  obstacles  (rice  paddy 
dikes),  which  affect  the  high-mobility  vehicles  to  which  the  soils  per 
so  do  not  present  a major  impediment.  The  West  Germany  traverse  is  ths 
most  varied,  with  roughness,  vegetation,  soils,  and  slopes  all  strongly 
influencing  the  overall  performance  , The  Arizona  traverse  from  a 
vehicle  standpoint  in  mainly  obstacles  (erosion  feature*)  and  roughness. 


5.2.2  Simplified  tide  dynamics  modeling  used 


Tab la«  11  and  14  ihtM  Chat  the  final  apaed  predictions 
In  all  traverses  war a affactad  strongly  by  Cha  6-vatt  rid*  level  (Uaat 
Germany  and  Ariaona)  and/or  Cha  2.5g  obstacle-crossing  spaad  limits 
( Hi al land  and  Arizona)  saalgnad  to  tha  vahiclaa  by  tha  simplified 
dynamics  mode ling  outlinad  in  3.2.  Whara  tha  rida  dynamics  computations 
usad  wars  tunad  to  experience  prior  to  final  travarsa  praclctions  (as 
for  moat  standard  military  vshlclsn) , astimataa  of  rids  spaad  limits 
for  a givun  vahicla  may  still  ba  subject  to  au  much  as  a *25  par cant 
arror  in  soma  of  tha  lass  savara  terrain  rouglmaas  clasaas.  In  tha 
casa  of  vehicle*  (including  all  of  tha  commercial  machinaa)  whara  such 
tuning  wao  not  fuaaible  aama  astimataa  from  tha  modified  V-rida  modal 
could  be  in  arror  by  twice  this  amount.* 

because,  in  tha  off-road  situation,  ride  apaad  limits 
guns rally  coma  Into  contend  at  relatively  high  speads,  thair  influence 
on  overall  average  speeds  in  small  (laaa  than  *10  percent  for  a *25 
percent  speed  variation,  even  whan  ride  limits  account  for  50  percent 
of  the  controls).  Moreover,  in  a typical  terrain  unit  in  which  rida 
spaed  la  aa Incited  as  limiting,  other  limits  (power  or  vioibllity,  for 
example)  are  frequently  not  much  higher,  no  that  a large  arror  In  the 
ride  spaed  limit  on  the  plus  aids  would  In  practice  often  be  affectively 
truncated  by  replacement  by  another  lesser  limit  in  assigning  tha  in- 
unit  spaed.  Thus,  the  beat  autimata  Is  that  possible  errors  in  the 
average  off-road  apueda  shown  due  to  simplification  in  modeling  the 
ride  dynamics  are  probably  laue  than  4-5  percent  to  -10  percent  for 
standard  military  vehicles;  +10  percent  to  -20  percent  for  all  others. 

Tiie  dynamics  obstacle-override  apaad  situation  ia 
similar,  but  in  tha  worst  cases,  aa  for  the  more  mobile  vahiclaa  in  tha 
Thailand  and  Arizona  traverses,  where  aa  many  aa  75  percent  of  speed  con- 
trols involve  this  limit  in  conjunction  w’rb  the  acceleration-braking  sub- 
model for  the  vehicle,  final  everagee  may  ba  in  arror  by  10-20  percent 
in  soma  cases.  Tha  rida  and  obstacle  dynamics  submodels  are  totally 
+ Sue  Addendum  1 . 
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Independent , however,  no  there  is  no  reason  to  expect  any  systematic 
correlation  in  th«  two  errors. 

5.2.3  Terrain  factor  claaa  intervals 

Tha  baalc  terrain  data  represent  tita  actual  continuum  ol 
eacli  terrain  lector  valua  In  tenaa  of  practical  claaa  range*.  A a noted  In 
section  2.4,  AMC-71  presently  examines  performance  by  using  only  the 
midrange  value  for  each  terrain  factor  class,  thereby  replacing  nature's 
continuum  by  a step  function.  For  this  reason  the  possibility  exists 
for  assigning  a Go  to  on*  of  two  vehicles  and  a No  Co  to  thu  other,  on 
tbs  baais  of  vary  snail  differences  in  directly  related  vehicle  character- 
istics. Where  the  terrain  ia  sufficiently  varied,  such  occasional,  ax- 
aggaratud  discriminations  will  generally  give  only  a alight  and  acceptable 
advantagu  to  the  more  favorably  configured  machine.  Where,  on  tha  other 
hand,  tha  terrain  factor  class  involved  is  extensive,  thu  resulting 
distortion  can  produce  wholly  unrealistic  differences  in  the  performance 
predictions  for  two  vehicles  that  vary  but  little  with  respect  to  only  one 
characteristic.  Preliminary  runs  showed  that  this  was  occurring  with 
the  3/4-  and  1-1/4-ton  vehicle  predictions  In  the  Thailand  traverse, 
which  is  characterized  by  many  rir.e  paddy  dikes  of  man-made  uniformity. 

The  model  was  calling  No  Go's  for  70  percent  of  tha  arum  for  the  M715U1 
and  XH70S  vehicles,  and  passing  the  M37B1  on  the  basis  of  less  than  1/2-in. 
difference  in  ground  cluirance.  Title  war  clearly  unrealistic.  After  an 
examination  of  the  total  situation,  thu  ground  clearances  of  the  M715K1 
and  XH705  were  arbitrarily  increased  for  computation  purposes  to  that 
of  the  M37B1  and  the  off-road  speed  predictions  wars  rerun.  Results 
given  In  tables  10  and  11  reflect  these  judgment  calls.  There  appsarnd 
to  be  no  other  important  distortions  in  using  the  terrain  data  In  this  way. 

5 . 2 . 4 General  internal  consistency 

Tablss  15  and  lb  extracted  from  tabls  10,  organise 
predictions  for  a number  of  standard  military  vehicles  for  quick,  critical 
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comparison.  Tub  la  15  shows  percentage  or  araal  tarrain  that  ia  Co,  and 
table  16  give*  v^q0‘  The  w*hlc1®8  *r*  grouped  by  payload  class,  arbi- 
trarily clasaod  aa  high,  standard,  or  low  nobility  ovi  the  basis  of  ap- 
parent design  intention;  and  each  table  presents  one  typo  of  prediction 
tor  each  vehicle  in  each  of  the  three  traverses.  All  off-road  speed 
profiles  for  theaa  vehicles  are  included  in  Appendix  E. 

Still  another  crosscut  of  the  basic  predictions  is  pre- 
sented in  figs.  21-24*  lor  the  vehicles  listed  in  tables  15-16.  These 
histograms  show  percentages  of  the  areae  in  the  three  traverses  under 
the  several  No  Co  and  speed  controls  for  suvaral  standard  military 
vehicles,  again  arranged  to  facilitate  direct  comparisons.  Fig.  21  shew* 
as  bane  lines  the  M35A2  2-1/2-ton,  6x6,  and  the  M151A2,  1/4-ton,  4x4 
trucks.  Fig.  22  eosiparus  the  5- ton  payload  class,  high-,  standard-, 
and  lov-uiobilily  vehicles ; fig.  21,  the  standard  vehicle*  (without 
towed  loads)  in  the  1/4-ton  and  1-1/ 4- ton-pay  load  classes;  and  fig.  24 
those  in  the  high-mobility  class,  (legend  material  for  all  four  figures 
Indicate  a reassuring  decree  of  internal  consistency.  Progressions  are 
orderly,  reasonable,  and/or  explicable. 

Thu  reduced  performance  of  the  1/4-  and  1/2-ton  vehicles 
in  the  Thailand  traverse  (tables  15  and  16)  in  due  largely  to  their 
inability  to  surmount  the  characteristic  rice  paddy  dikes.  Performance 
ot  the  N 32 OKI  and  the  M813  in  the  same  area  are  reduced,  as  compared  to 
that  ot  some  ol  the  other  vehicles,  essentially  by  their  higher  soil 
n trength  retpil  rcimmtn  . 

The  progression  of  speed  control*  from  one  factor  to 
uuother  is  well  illustrated  in  fig.  22.  The  high-mobility  vehicle  (M656) 
had  only  minor  difficulties  with  soil  strength  in  any  of  the  three  tra- 
verses, and  spued  control  accordingly  passes  to  other  factors.  In  the 
West  Germany  traverse,  speeds  were  limited  in  decreasing  order  of  areal 
frequency  by  ride  (factor  5),  the  need  for  maneuvering  to  avoid  large 
trees  (factor  ii) , slopes  with  soile  effects  included  (factor  6), 
visibility  us  limited  by  vegetation  and  braking  (factor  7),  resistance  as 
augmented  by  the  need  or  choice  to  override  vegetation  (factor  9),  and, 

* Not  updated  per  Addendum  1 . 
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finally  repeatedly  slowing  to  cross  nut  obstacle  and  than  accelerating 
again  (factor  10).  In  the  Thailand  traverse,  for  the  M656  while  en- 
countering a few  obstacle  hangups  (factor  3)  and  obstacle  traction  (fac- 
tor 4),  No  Co  was  largely  Halted  by  obstacle  creasing  speeds  with 
related  acceleration  and  deceleration  (factor  10) . Whan  the  going  was 
otherwise  good,  visibility  (factor  8)  finally  limited  speed  to  less  than 
the  power  maximum.  In  the  Arizona  traverse,  obstacle  crossing  (factor  10) 
dominated;  whereas,  because  of  the  sparsity  of  vegetation,  visibility 
was  not  limiting,  and  ride  speed  (factor  5)  became  critical,  still  below 
the  flat-out  power  limit.  Note,  however,  that  engine  power  and  gearing 
enter  significantly  iv.tu  all  obstacle-controlled  speeds  (factor  10) 
through  the  acceleration  capabilities  of  the  vehicle. 

The  standard-mobility  MSI!  (fig.  22)  has  a similar 
control  profile  in  the  West  Germany  traverse;  but  in  the  Thailand  tra- 
verse, it  uncountured  soil  strength  No  Go's  (factor  1),  and  in  the 
obstacle  fields  ride  (factor  5)  limit  speeds  to  less  than  its  accelera- 
tion capability  would  allow  (factor  10).  Visibility  (factor  7)  played 
a lesser  rolw  because  speeds  ware  generally  reduced.  Ride  and  obstacle 
factors  (5  and  7)  trade  off  in  the  same  way  in  the  Arizona  traverse. 

The  low-mobility  M818-M127A1  truck-tractor  combination 
(fig.  22)  encountered  serious  soil  No  Go's  in  West  Germ  ny  and  Thailand 
traverses  (factors  1 and  2),  and  traction  difficulties  even  in  Arizona 
(factor  2).  A relatively  small  percentage  of  No  Go  area  quickly  de- 
graded overall  average  speed-made-good  because  travel  time  accumulated 
rapidly  when  forward  progress  was  at  the  rate  of  only  0.1  mph,  even 
when  distances  were  relatively  short. 

Figs,  23  and  24  illustra**  the  same  points,  and  again 
show  good  Internal  consistency. 

5.2.5  Treatment  of  vehicle  articulation 


Of  the  two  articulated  vehicles  among  the  WSG  vehicles, 
the  M561  1-1/4- ton,  6x6,  and  tne  M520E1,  only  the  former  is  pitch  arti- 
culated. Since  AMC-71  presently  looks  only  at  vehicle  motions  in  the 
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center  line  vertical  plane,  only  the  M561  appeared  to  it  as  articulated. 
The  ninor  special  modeling  incorporated  to  handle  ride  and  obstacle 
dynamics  and  possible  obstacle  hangups  (for  it  and  for  towed  units)  seems 
to  have  worked  reasonably  well. 

Although  no  attempt  was  made  to  model  the  special  ad- 
vantages of  pitch  articulation  in  negotiating  really  big  obstacles  at 
the  Go-No  Go  level,  this  omission  appeared  to  have  been  the  limiting 
factor  In  1.8  percent  of  the  areal  terrain  units  in  Thailand  only,  so 
that  the  possible  effect  of  underestimating  the  MS61's  overall  per- 
formance due  to  the  omission  is  minor.  In  still  other  terrains  this 
would  not  necessarily  be  true,  of  course. 

5.2.6  On-road  performance 

While  the  first-cut  on-road  performance  module  of  AMC-71 
appears  to  have  provided  internally  consistent  estimates  for  the  military 
\..hicles  for  which  experience  adjustments  to  calculated  ride  speed  limits 
were  available  (see  Table  18)  predictions  for  the  tractor-trailer  and 
commercial  vehicles  on  type  2 and  type  3 roads  are  suspect  because  of  the 
controlling  influence  of  ride  speed  limits.  As  shown  in  Fig.  9,  needed 
adjustments  were  frequently  large,  especially  for  the  heavier  vehicles. 
Moreover,  factors  which  attenuate  ride-speed  errors  in  their  effects 
upon  overall  off-road  speed  predictions,  discussed  in  5.2.2,  are  not 
operative  in  the  more  limited  on-road  "’terrain,"  nor  in  the  on-road  speed 
range.* 

Power  and  gearing  differences  among  vehicles,  which  might 
be  expected  to  appear  in  type  1 (primary)  road  performance,  were,  in  fact, 


* The  asterisk  notation  (**)  in  the  table  of  results.  Table  10,  denotes 

cases  where  field  tests  run  after  the  main  report  was  completed  estab- 
lished experimental  ride-speed  limits  which  differed  sufficiently  from 
the  calculated  values  used  to  warrant  adjustment  of  the  predictions. 
See  Addendum  I. 
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really  negated  for  the  truck  tractor-trailer  combinations  by  the  im- 
position of  official  trailer  towing  speed  limits.  Table  18  shows  for 
these  rigs  the  effects  upon  overall  speed  on  the  type  1 road  networks 
of  effectively  eliminating  these  limits.  (Engine  RPM  limits  were  still 
operative,  of  course). 

5.2.7  Comment 


Each  vehicle  design  is  a unique  mix  of  design  features 
optimized  within  constraints  of  required  performance,  available  tech- 
nology, reliability,  maintainability,  transportability,  producibility , 
and  first-  and  lift-cycle  costs.  Available  technology  and  the  weighting 
of  constraints  change  with  time;  performance  and  reliability  change 
with  mission  and  the  terrain  and  environment  in  which  the  mission  must 
be  carried  out.  The  multitude  of  necessary  trade-offs,  even  in  the  third 
decade  of  the  computer  age,  must  still  be  made  largely  on  the  basis  of 
individual  judgments,  some  reliable,  some  not. 

The  vehicles  whose  performances  are  examined  in  the 
present  study  differ  widely  in  date  of  development  and  in  mission 
function.  None  have  been  systematically  assessed  by  so  complete  and 
even-handed  a procedure  as  has  been  done  here  by  the  employment  of  AMC-71. 
The  results  speak  well  of  the  evolutionary  design  process  in  the  develop- 
ment of  military  vehicles,  and  also  lend  considerable  credence  to 
AMC-71  in  this  broader  application  to  include  nonstandard  vehicles. 

Because  of  the  overriding  influence  of  tetruln  upon  the 
performance  of  any  vehicle,  special  care  has  been  taken  to  describe  and 
analyze  the  terrains  used  in  the  study,  so  that  the  results  can  be 
properly  interpreted.  While  the  study  terrains  were  limited  by  the 
Project  WHEELS  time  frame,  they  appear,  among  them,  to  provide  an  ade- 
quate basis  for  discriminating  among  performance  qualities  of  the  study 
vehicles  in  a broad  range  of  missions.  However,  the  observed  sensitivity 
of  predicted  performance  to  the  particular  terrain  examined  emphasizes 
that  a definitive  performance  evaluation  demands  consideration  of  a 
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broad  spectrum  of  environmental  conditions  truly  representative  of  the 
operational  theater. 

The  above  and  other  caveats  associated  with  AMC-71 's 
incomplete  state-of-development  have  been  offered,  and  areas  where  the 
existing  objective  methodology  has  been  tempered  with  judgment  have  been 
identified.  On-going  research  to  validate  and  improve  AMC-71,  greatly 
stimulated  and  focused  by  this  contact  with  the  real  world,  will  result 
in  an  increasingly  realistic,  increasingly  useful  tool  as  time  gees  on. 

But  no  apologies  are  in  order  for  the  present  effort.  It  is  the  beat 
that  current  technology  can  offer,  and  it  is  Lhe  strong  conviction  of 
the  authors  chat  future  application  of  similar  methodology  by  designers 
and  developers  will  result  in  a substantial  upgrading  of  the  effective- 
ness of  the  U.  S.  Army  vehicle  fleet. 

5. 3 Rankins  the  Study  Vehicles 

The  objective  of  the  AMC-71  mobility  model  evaluations  in 
relation  to  the  overall  WHEEJ5  Study  was  to  provide  one  of  the  basic 
elements  needed  to  examine  possibilities  for  cost  savings  in  the  military 
truck  fleet  through  the  substitution  of  commercial  vehicles  and/or  the 
elimination  of  some  special  mobility  features,  such  as  all-wheel  drive. 
Obviously,  some  dollar  costs  can  be  saved,  but  at  what  cost  in  accom- 
plishing military  missions'7  Full  exploitation  of  the  results  achieved 
herein  requires  consideration  of  the  missions  a given  type  of  vehicle 
is  required  to  perform,  and  the  environment  in  which  they  must  be  per- 
formed. 

The  most  austere  approach  in  examining  possible  trade-offs  is 
to  rank  all  of  the  study  vehicles  preparatory  to  formulating  conditions 
for  substitutions  acceptable  from  a performance  viewpoint.  Tables  19-21, 
inclusive,  present  such  a ranking  of  the  48  vehicles  and  vehicle  com- 
binations of  direct  interest  to  the  study,*  based  upon  V9Q  speeds  in  each 
of  the  three  traverses,  with  (areal  terrain  units)  and  percent 

No  Go  noted  for  each  vehicle.  Where  the  predicted  speed  was  the  same 

* Updated  per  Addendum  I,  with  results  for  three  additional  vehicles 
(Addendum  II)  integrated. 


for  several  vehicles , the  vehicles  were  ranked  according  to  their  item 
lumber  in  table  10.  Reference  vehicles  (49-54)  are  not  included  in  the 
list.  The  ranking  varies  somewhat  with  the  terrain,  and  percentage  of 
No  Co  is  not  strictly  related  to  the  rating.  Note  also  that  the 
ranking  is.  In  many  instances,  based  upon  very  small  differences  in 
predicted  performance,  differences  that  are  well  within  the  actual  re- 
solution of  the  model  accuracy.  Uhile  the  ranking  shown  is  the  best 
estimate,  changes  in  rank  due  to  speed  differences  of  less  than 
a aph  are  probably  not  significant. 

Tables  22-24,  inclusive,  give  similar  rankings  based  upon 
average  speeds  on  secondary  (type  2)  roads  (V^) , with  speeds  on  primary 
(type  1)  roads  (V^)  also  shown.* 

Two  more  elaborate  procedures  for  assessing  the  relative  mission 
performance  of  the  vehicles  have  been  proposed,  both  involving  some 
judgment  of  mission  requirements  by  experienced  military  profession  Is. 

The  first  establishes  a number  of  mission  classes  and,  for  each,  appro- 
priate weighting  factors  for  various  aspects  of  overall  performance 

^V110*  V100*  V90*  V3*  V2’  Vl*  and  PerliaP8  others).  These  can  be  applied 
to  an  array  of  the  AMC-71  results  to  provide  mission-oriented  quantitative 
indexes  of  relative  vehicle  suitability  for  each  mission  in  each  terrain. 
Even  at  this  point,  however,  some  further  Judgments  are  3till  required, 
because  ratings  and  rankings  applicable  directly  to  mission  performance 
again  vary  somewhat  with  the  terrain. 

A second  suggested  alternative  is  to  establish  experience 
bench  marks  in  terms  of  known  vehicles,  terrains,  missions,  and  minimi® 
acceptable  speeds.  The  appropriate  vehicle  off~road  speed  profiles 
opendix  E)  are  then  entered  to  establish  for  each  mission  and  terrain 
a corresponding  bench  mark  percentage  of  traverse,  and  nominal  competitors 
for  the  task  rated  at  that  percentage.  This  can  be  done  directly  from 
the  off-road  speed  profiles  for  the  competing  vehicles. 

Such  further  analyses  of  the  results  involve  considerations 
beyond  the  scope  of  the  AMC-71  model  and  of  the  field  of  professional 
competency  of  the  mobility  team.  They  were  not  attempted  as  a part  of  the 
mobility  evaluation. 

* Updated  per  Addendum  I. 
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Fig.  J..  General  flow  diagram  of  AMC-71  Ground  Mobility  Model 
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Fig,  3.  Schematic  Flow  diagram  ol  linear  terrain  unit  performance 
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Fig.  4.  Schematic  flow  diagram  of  on-road  performance  prediction  model 
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Fig.  6.  Example  of  absorbed  power  versus  speed  relation  CM35A2  2-1/2-ton, 

6x6  cargo  truck) 
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Fig.  8.  Comparison  of  estimated  ride-limited  speed  from 
two  independent  sources 
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Comparison  of  calculated  and  experienced  ride  vulues 
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Fig.  11.  Off-road  speed  versus  percent  traverse  distance  for 
M35A2  2-1/2-ton,  6x6  cargo  truck 
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Fig.  12.  On-road  speed  versus  percent  road  distance  for  M35A2 
2-1/2-ton,  6\6  cargo  truck  for  West  Germany 
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Fig.  i3.  On-road  speed  versus  percent  road  distance  for  K35A2 
2-1/2- ton,  6x6  cargo  truck  for  Thailand 
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1.  Obstacle  approach  angles  (AA) . The  angle  formed  by  the  inclines 
at  the  base  of  a positive  or  top  of  a negative  vertical  obstacle 
that  a vehicle  must  sense  in  surmounting  the  obstacle. 

2.  Obstacle  base  width  (WOB).  The  distance  across  the  bottom  of  the 
obstacle. 

3.  Obstacle  spacing  (VOS).  The  horizontal  distance  between  contact 
edges  of  vertical  obstacles 

4.  Obstacle  vertical  magnitude  (VOH).  The  vertical  distance  from 
the  base  of  a vertical  obstacle  to  the  crest  of  the  obstacle. 

5.  Obstacle  length  (VOL).  The  length  of  the  long  axis  of  the  obstacle. 


Fig  16.  Definition  of  obstacle  geometry  terms 
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North  or  Vest 


South  or  East 


1,  Differential  Bard:  Height  (BD)  - The  difference  in  elevation  of  the 
two  bnnltR . 

2.  Gap  Side  elope  fill  I,  PDA)  - The  angle  formed  by  the  bounding  incline 
at  the  tap  of  the  hydrologic  feature.  The  angle  is  measured  with 
respect  to  the  horizontal. 

3-  Water  Depth  (WP)  -•  Maximum  depth  of  water  in  channel. 

4.  Water  Width  Q'V.')  - The  width  of  the  stream  at  water  level 

5-  Water  Velocity  (Wf'j  - The  maximum  velocity  of  water  in  a channel. 


Hydrologic  geometry  terms 
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^+)  Values  Indicate  Axle  Forward  of  Cc-nter  of  Gravity 
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Percent  of  terrain  in  which 

in-uait  soeed  does  not  fall  (2  of  6 «hee£3) 

below  10  mph  is  32. 5J. 
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Table  6 


Terrain  Factors  and  Terrain  Factor  Classes 


Used  to  Describe  Linear  Terrain 


as  Used  in  This  Study 


Differential  Bank  Height 


Class  Range,  m 


Value  Selected  for 
Prediction,  a 


0 0 

N/W  bank  (0.1-1)  higher  than  S/F,  0.5 

N/W  bank  (1.1-2)  higher  than  S/s  1.5 

N/W  bank  (2.1-4)  higher  than  S/e  3.0 

N/W  bonk  (it)  U.O 

S/E  bank  (0.1-1)  higher  than  N/W  0.5 

S/E  bank  (1.1-2)  1.5 

(2 .1-1')  3.0 

(>  h)  4 .0 


Cap  Side  Slope 


Class  Dam  deg 


Value  Selected  for 
Prediction,  deg 


180-185 

135 .1- 190 

190.1- 200 

200.1- 210 

210.1-220 

220.2-230 
230.1-250 
250.1-260 

260.1- 265 

265.1- 270 


182.5 
187-5 

195.0 

205.0 

215.0 

225.0 

240.0 

255.0 

262.5 

267.5 


(Continued) 
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Table  6 (Continued) 


3 . Water  depth 


Class 

Value  Selected 

for 

No . 

Claes  Range,  m 

Prediction,  m 

1 

0-100 

50 

2 

101-200 

150 

3 

201-500 

350 

h 

>500 

500 

8.  Water  velocity 

Class 

Value  Selected 

for 

No. 

Class  Range,  mps 

Prediction,  mps 

1 

No  water 

NA 

2 

0 

0 

3 

0-1 

0.5 

i* 

1.1-2 

1.5 

*> 

2. 1-3. 5 

2.8 

r. 

3-5 

3-5 

5.  Water  width 

Claes 

Value  Selected 

Class 

Value  Selected 

Cla-js 

Range 

for  Prediction 

Class  Range 

for  Prediction 

No. 

m 

m 

No . 

m 

m 

1 

No  water 

0 

86 

200.1-205 

202.5 

2 

0.1-3 

1.5 

87 

205.1-210 

207.5 

3 

3.1-6 

8.5 

88 

210.1-215 

212.5 

li 

■'..1-9 

7.5 

89 

215.1-220 

217.5 

5 

9.1-12 

10.5 

50 

220.1-225 

222.5 

• ) 

12.1-15 

13.5 

51 

225,1-230 

227.5 

7 

15.1-18 

16.5 

52 

230.1-235 

232.5 

8 

18.1-21 

19.3 

53 

235.1-280 

237.5 

9 

21.1-28 

22.5 

58 

280.1-285 

282.5 

10 

28.1-27 

25.5 

55 

285.1-250 

287.5 

11 

27.1-70 

28.5 

56 

250.1-255 

252.5 

12 

30.1-33 

32.5 

57 

255.1-260 

257.5 

13 

35.1-80 

37.5 

58 

260.1-265 

262.5 

lU 

80.I-85 

82.5 

59 

265.1-270 

267.5 

15 

85.1-50 

87.5 

60 

270.1-275 

272.5 

In 

50.1-55 

52.5 

6l 

275.1-280 

277.5 

17 

55 .1-6)0 

57.5 

62 

280.1-285 

282.5 

18 

60 .1-65 

62.5 

63 

285.1-290 

287.5 

(Continued) 
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sheets) 

Ta^le  6 (Concluded) 


Class 

Value  Selected 

Class 

Value  Selected 

Class 

Ran^e 

for  Prediction 

Class 

Range 

for  Prediction 

No. 

m 

a 

No. 

m 

a 

19 

65.1-70 

67.5 

64 

290.1-295 

292.5 

20 

70.1-75 

72.5 

65 

295.1-300 

297.5 

21 

75-1-80 

77.5 

66 

300.1-305 

302.5 

22 

80.1-85 

82.5 

67 

305 .1-310 

307.5 

23 

85.1-90 

87.5 

68 

310.1-315 

312.5 

2*4 

90.1-95 

92.5 

69 

315.1-320 

317.5 

25 

95.1-100 

97.5 

70 

320.1-325 

322.5 

26 

100.1-105 

102.5 

71 

325.1-330 

327.5 

27 

105.1-110 

107.5 

72 

330.1-335 

332.5 

28 

110.1-115 

112.5 

73 

335.1-340 

337.5 

29 

115.1-120 

117.5 

74 

340.1-345 

342.5 

30 

120.1-125 

122.5 

75 

345.1-350 

347.5 

31 

125.1-130 

127.5 

76 

350.1-355 

352.5 

32 

130.1-135 

132.5 

77 

355.1-360 

357.5 

33 

135 . 1-1^0 

137.5 

78 

360.1-365 

362.5 

34 

140.1-145 

142.5 

79 

365.1-370 

367.5 

35 

1U5. 1-150 

147.5 

80 

370.1-375 

372.5 

3« 

150.1-155 

152.5 

81 

375.1-380 

377.5 

37 

155.1-160 

157.5 

82 

380.1-385 

?^2  .5 

38 

1*30.1-165 

162.5 

83 

385.1-390 

367.5 

39 

165.1-170 

167.5 

84 

390.1-395 

392.5 

4o 

170.1-170 

172.5 

85 

395 .1-400 

397.5 

1(1 

175.1-180 

177.5 

86 

400.1-405 

402.5 

).2 

180.1-185 

182.5 

87 

405. 1-410 

407.5 

1*3 

185.1-190 

187.5 

88 

410.1-415 

412.5 

Mi 

190.1-195 

192.5 

89 

415.1-420 

417.5 

h 

195-1-200 

197.5 

90 

420.1-425 

422.5 
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Tallc  7 

Road  Factors  end  Road  Factor  Classes  I’serl  to  Describe  Roads  for  Ground  Mob'*  lit' 


**  Surface  Strength  not  con*id« 
Deed  70- lb.  per  ton  motion 


Table  8 


Density  of  Road  Networks  in  Study  Areas  and  Road  Lengths 
Used  in  Predictions 


Sample 

Size 

Road 

Length 

Density 

Area 

sq  ml 

Type 

mi 

ml  per  sq 

West  Germany  £4 

Primary 

104 

1.1 

Secondary 

as 

0.9 

Trails 

5§2 

Total 

775 

8.3 

Thailand 

767 

Primary 

70 

0.1 

Secondary 

67 

0.1 

Trails 

m 

0.4 

Total 

4l4 

0.6 

Yuma, 

501 

Primary 

84 

0.2 

Arizona 

Secondary 

87 

0.2 

Trails 

222 

0.4 

Total 

374 

0.8 
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Item 

No. 


Vehicle 


T r a 1 1 e r /l  low Uz i » r 


1‘ 


2 


1 M151A2,  lA-ton, 

2 lA-ton, 

'1  M151A2,  l/4-ton, 

4 lA-toe, 

5 M131A2,  lA-toM, 

o lA'ton, 

7 M151A2,  lA-ton, 

8 lA-ton, 


4x4  utility  truck. 
Uxh  util  It, y truck 
li;;2  utility  truck 
4x2  utility  truck 
4x4  utility  truck 
4x4  utility  truck 
4x2  utility  truck 
4x2  utility  truck 


None 


MUl(;,  2-whcel, 


lA-ton  cargo 


trailer 


0 oj 
o o.' 
0 4.. 

3.4  % 

0 0.' 
0 0. 
0 17. 

3.4  17.' 


o 

M274A2,  1/2- ton,  4x4  platform  utility  truck 

None 

0 

0. 

10 

MYAil*  lA'ton,  4x4  cargo  truck 

None 

0 

0 

li 

M37D1 , 3A-t(,n , 4x4  cargo  truck 

MIOIAJ , 2-wlicei,  A-ton  cargo  trailer 

0 

0 

1.2 

M715K1, 

1-1 /4-ton,  4x4  cargo  truck 

None 

0 

0. 

n 

XM70S , 

1-lA-ton,  4x4  cargo  truck 

0 

0. 

14 

M'jbl,  1 

-lA-ton,  I'Xi.  cargo  truck 

0 

0. 

13 

l-l/u -ion,  UxH  car^o  truck 

0 

0. 

li 

MYllilil . 

1-1/4 -ton,  4xP  cartfu  truck 

3.4 

3. 

17 

i-l A-ton,  4x2  cargo  truck 

3.4 

3. 

18 

M71DK1, 

1-1 A -ton,  4x4  cargo  truck 

M101A1 , 

2-whcel  , 

.i/4-tnn 

car  p;o 

trailer 

0 

0. 

19 

XM703 , 

1-1/4-ton,  4x4  cargo  truck 

M101A1 , 

2-whuel, 

'i/4 -ton 

trailer 

0 

0. 

20 

M‘3f  .l  , 1 

-iA-1-om,  <>x<  cargo  truck 

M101A1 , 

2-whecl , 

3/4 -ton 

• ■aryo 

trailer 

0 

0. 

21 

M'/.l,  1 

-1/4-ton,  < x4  . argo  truck 

Ml  ON,  1‘ 

■j'.itiuii,  light  howitzer 

0 

1, 

1 

-1/4-1. on,  4x4  cargo  truck 

M10IA1  , 

2-wheel , 

yh-t.nii 

• ‘ur^u 

tru.1 1 er 

0 

1 . , 

23 

MY15K1 , 

l-l/4-ton,  4x2  cargo  truck 

Ml  01 A 1 , 

2-whc-ol , 

J/l‘~  ton 

• •urr." 

truJ lor 

3.4 

4 . 

24 

] -1/4-ton,  4x2  cargo  truck 

Ml  01 A 1 , 

2-whoel , 

lA'ton 

cnrgn 

trailer 

8.4 

4. 

Note : 


Factors 
(Intltrn  I 11  tig 


hogend 


Deuer  1 |it  Ion 


ilo-no  go 


iipue.i 


10 


Surface  strength  < minimum  required  1'nr  one  puss 
Traction  available  * uu.'i'nce  and  slope  resistances 
Ubs  tacle  i nte rferenee 

Traotiou  available  < aurl'acc , nlope,  obstacle,  and 
vegetation  resistances 
Hide  dynumicti 

Surface  and  slope  resistances 

Vi  nihility 

Maneuver 

Surface,  slope,  obstacle,  and  vegetation 
renl stances 

Acceleration  und  decc  1 era t.J on  between  obstacles 


Fnelorii  .'ontrol  1 Inc  spied. 


87< 


’i 

V' 


4°  ^lOO^ 


0 

0 

',2.9 

2.9 

4.0 

0.1 

1"  • 9 

1.4 

0.4 

l.i> 

0 

0.4 

0.9 

0 

03.5 

0.3 

1.3 

3.7 

0 

70.9 

0 

>')  , , 

v 

1 .0 

0 

19.4 

1 .7 

0." 

1.'. 

0 

0.2 

37.3 

0 

00.0 

0.3 

2.1 

4o.o 

0 

0 

- 0 

1 . 

,'2.9 

‘..i 

4.1 

0 

14 

0." 

0.4 

1.4 

0 

4.7 

0.9 

0 

02.9 

0 

1.7, 

3.0 

0 

68.1 

'78.4 

1.? 

7.4 

y.p 

0.7 

0 

H.9 

0.1 

0 

0.4 

0 

1.4 

47.4 

0 

00.0 

0 

1.', 

30.,, 

0 

0 

> 0 

i >P 

•n  i 

o . 4 

4.' 

0 

1.9.8 

l.'J 

0." 

1.'. 

0 

4.  / 

0.9 

0 

09.7, 

0 

1.0 

3.0 

0 

69 . 4 

14,4 

0.1 

lil.1. 

0,7 

.1 . 

0 

17.0 

1.2 

0.1 

1.4 

0 

1.9 

37.4 

0 

20.9 

0 

,1.1 

39.'' 

0 

0 

i’l4.4 

0.0 

"1.4 

4.4 

0,4 

0 

l4,o 

0,4 

0.4 

1.4 

0 

8.0 

0.9 

0 

03.7, 

0 

1.9 

3.6 

0 

60 . 8 

, 78.4 

0.0 

7.4 

0,4 

1.1 

,1 

8.1 

0.0 

0 

0.4 

0 

3.3 

47.3 

0 

iy.4 

0 

1.9 

38.'- 

0 

0 

'\l 


0 

0 

74.9 

* . L 10.4 

0 

, O 
♦ «- 

0,4 

4.0 

0 

0 

0.4 

0.9 

0 

04,7 

1.0 

0.2 

1 .6 

0 

70,7 

0 

0 

1.7  0.9 

0.4 

14,', 

0.4 

4.0 

70.0 

0 

0,  4 

0 

0 

44.7 

0.7 

0.9 

n.2 

0 

63.3 

14.4 

1 .4 

1 . 7 

0.9  4.9 

0.4 

14.9 

0.0 

1," 

',1.0 

0 

3.7 

0 

0 

41.8 

0,4 

1 ,2 

0.0 

0 

• ,0.8 

■ 0 

0 

: .7 

19.9 

3*9 

0.0 

14.9 

0.9 

4.7 

1,1.4 

0 

0.5 

0.9 

0 

44.9 

0.3 

0.7 

4.1 

0 

"0.4 

■;  o 

0 

0.7 

0.9 

',.9 

0 

19 . 4 

4.4 

0,9 

i,y.o 

0 

0.3 

0 

0 

41.6 

0.2 

0.7 

3.0 

0 

93.9 

1 0 

0 

0.0 

1.8 

0.7 

0.2 

18.9 

3.4 

1,9 

70.2 

0 

0.3 

0 

0 

32.7 

0.4 

0.7 

0.9 

0 

69.4 

.,14.4 

0 

',4.0 

0.4 

4.4 

0 

14.9 

0.6 

0.4 

0 

0 

c.o 

47.5 

0 

20.2 

0 

1.8 

40.2 

0.2 

0 

,,78.4 

1.2 

7.9 

0.9 

1.9 

0 

7.1 

2 , 

0.0 

0.9 

0 

4.7 

0.9 

0 

40.7 

0 

1.4 

4.0 

0 

99.8 

■ 78.4 

1.0 

7,9 

0.9 

0 . 9 

0 

',.9 

0.4 

0.  1 

0 

0 

1.9 

37.3 

0 

20.0 

0 

1 .4 

39.8 

0 

0 

j 14.4 

0.1 

1.7 

3.0 

3.1? 

0 

1.4.3 

2.7 

1,0 

"0.8 

0 

3.7 

0.9 

0 

41.1 

0 

1.0 

4.0 

0 

99.8 

>14.4 

0.1 

1.7 

0.5 

9.8 

0 

11.9 

4.1 

0.9 

9'>.4 

0 

1.9 

2.1 

0 

48.7 

0 

0.0 

3.0 

0 

44.4 

; o 

0.1 

2.0 

0.4 

0.7 

0.0 

1 9 , 9 

0.8 

0,1, 

70.1 

0 

0.3 

0 

0 

30.9 

0.3 

0.2 

3*0 

0 

"7.7 

14.4 

1.4 

0.0 

0,0 

0.7 

1.1' 

10.1 

0.7 

9.0 

"0.0 

0 

0.3 

0 

0 

31.1 

0.2 

0.7 

0.1, 

0 

oY.O 

: 14.4 

1.0 

1 4.0 

3.9 

4.1 

O.J 

14.4 

0.7 

0.0 

0 

0 

1.9 

47 . 4 

0 

20.0 

0 

1.4 

39.8 

0 

0 

7 78.4 

1.4 

U 

:i ." 

2.0 

0 

,,.4 

'Vi 

0.9 

0.9 

0 

4.7 

0.9 

0 

40." 

0 

1 .4 

4.0 

0 

9y.8 

11 78. 4 

1.0 

7.9 

1.4 

0 . 4 

0 

'■.9 

0.1 

0.0 

0 

0 

3.4 

47.3 

0 

19.4 

0 

1.4 

48.7 

0 

0 

29 

M83AP, 

2(- 

27 

M39A2, 

28 

M39AP, 

P'i 

M39A2, 

30 

31 

M3t>A2, 

32 

MB  13,  h 

33 

9 

34 

f 

33 

MBlB , 9 

3C' 

MBl  3,  9 

37 

M036,  h 

88 

9 

39 

M8 1 3 , 3 

40 

MhPOia, 

hi 

MHl.H , h 

h2 

9 

hi 

9 

hh 

M818,  9 

4 9 

M123A10 

ho 

truck 

47 

XMYhfi, 

48 

, 2-l/.?-ton,  hx(<  cargo  truck 
2-l/O-ton,  xP  (l‘.l  in.  WH) 
, 2-l/p-ton,  exh  cargo  truck 
, ?-l/2-ton,  axt-  cargo  truck 


■tirgo  truck 


M3t>Ai.’,  i'-i/L'-ton,  oxt-  cargo  truck 
M39A2,  2-1/2-ton,  < xt - cargo  truck 

P-l/l’-ton,  Uxr*  ( 1 SI  in.  WH)  cargo 
M33A 2,  P-l/2-ton,  <>x4  cargo  truck 


•ton i Hxfl 

-ton,  0x4 


10- ton , < ixh  ( iBp  in.  Wit)  tractor 


20-l/p-tini , ftxh  tractor  truck 


none 

None 

MJOUAP,  ? -wheel,  l.-l/P-ton  cargo  trailer 
M10P,  10‘imm,  light  howitzer 
M109AP , P-wheel , 1-l/p-ton  cargo  trailer 
K103A2,  ? -wheel , 1—1/2— ton  cargo  trailer 


Mll'iAl,  I'.hnim,  howitzer 
Mil4Al,  133mm , howitzer 
Trailer,  grouu  towed  load  (12,700  lb)-* 
Trailer,  gnu.u  towed  load  ( IP, YOU  lb)H* 


MlPVclO,  4-wheel,  32-tun. utake  uemitruilar 
MiPYAlf , 4 -wheel , 12-ton  iieinl trailer 
M1P7A10,  4 -wheel , IP -ton  neiiiitruilur 
M 1PYA10 1 4-wlieol,  29-ton,  low-bed  uemltrailer 


MYhy , 8-wheel,  hp-l/p-ton,  heuvy  laiutimiunt 
tranniiert.cr,  low-bed  iiuml trailer 
MYhy,  d-wliecl,  hP-l/p-ton,  heavy  equipment 
trutin|iort.cr,  low-bed  nciiiltrailer 


h'j  MH8A1,  ariuornd,  full -tracked,  pciuionnel  carrier 

90  MllthlOl , ltill-tmeluid , cargo  carrier 

til  M60A1  i 1 Oh -mill  gun,  l'ull-tmcked,  combat  tank 


M-(HA1  , l/4-ton,  4x4  utility  truck 
MltilAl,  l/U— ton,  4x4  utility  truck 
XM410,  P-l/P-ton , Hxll  cargo  truck 


1/4-ton,  4x4  utility  truck  (U9  in.  Will  Nona 

j\  Kxpariaental , ■>-  to  tt-ton,  Ux8  cargo  truuk  Hone 

kX  22-1/2-ton,  8x6  tractor  truck  M74'/ , il-wheel , 9P-l/2-toii  heavy  aquipment 

transporter,  lov-hed  anwi trailer 


M114A1,  139  mui  howitzer  uaed  in  lieu  of  trailer. 


1) 

1 

0.4  o.a 

3.4 

9.3  0.3 

8.4 

3.e  o.a 

0 

4.4  o.a 

0 

1,0  0.2 

i.4 

P8.9  0.3 

3.4 

3.3  0.^ 

0 

O.Y  0.1 

0 

o.4  o.a 

8.4 

o.i  o.a 

8.4 

:>h . 1 0.1 

3.4 

11.9  0.1 

8.4 

3."  o.a 

3.4 

28.9  o.a 

4l.O 

3.9  0 

0 

0.9  0 

Category  fi 

hJ  ,o 

8.9  0 

8.4 

Y0.9  0.1 

8.4 

28.9  O.S 

4l  .0 

13.2  0 

f'ntci'oi'.v  9s 

4lm 

8.9  0.1 

4iM 

13.1  0.1 

(hitegory  1C 

41. 0 

13. P 0 

10),  0 

0 0 

0 

0.1  O.S 

0 

0.1  O.S 

0 

0.1  0 

0 

0.4  0.] 

0 

0.4  O.S 

0 

0.4  O.S 

0 

Q.h  0.: 

0 

a.4  0 

4?,l 

15.1  0 

41 


Table  11  (Concluded) 


i 


Howitzer 


ll'ltzer 


17 nnt.  Gormany 

~4~  ~9  _o 7 3 " " 9 ‘ 

Category  9:  8-l/P-Ton  1’oyload 


Percent  Travcrno  1 
Thailand 


0 

0.4 

0.2 

0 

49.7 

i'..  i 

d.4 

1B.9 

(1.0 

o.4 

0 

0 

2.0 

1,8 

34.0 

3.4 

i . 

0.3 

9.1 

4B.0 

14.4 

j . i , 

'll'.  9 

O.B 

0.4 

78.4 

1.2 

7.9 

0.9 

3.9 

3.4 

3 .*  ■ 

0 . 8 

0 

47.4 

IB.  3 

4.1 

80.7 

2.0 

0.4 

78.4 

1.4 

0 

0.3 

8.9 

trailer 

0 

4.4 

o . 8 

0 

42.3 

19.'' 

0.2 

17.4 

9.9 

0.3 

l1..  4 

1.4 

2.0 

0.9 

32.9  3 

0 

l.O 

0.8 

3.4 

49.0 

iy.0 

3.9 

19.9 

3.3 

0.2 

14.4 

0 J 

2.0 

3.7 

31.7  3 

trailer 

1.4 

83 . 4 

0.3 

0.1 

41.7 

ii.i 

0.9 

17.1 

2.0 

3.3 

78.4 

2.1 

7.9 

O.B 

3.1 

trailer 

3.4 

4.3 

o.r1 

0 

40 . 8 

37.4 

O.l) 

17.9 

9.0 

0.3 

7(1.4 

1.4 

0 

0.6 

7,7 

Cat 

‘JSSf'JL. 

Ton  1 'ay  loud 

0 

0,“' 

0.1 

0 

40 . 9 

19.2 

4.2 

22.7 

1.9 

0.3 

14.4 

0.1 

0.8 

0.9 

33.2 

0 

0.4 

0.8 

0 

49.3 

19.2 

B.7 

21.3 

4.2 

0.7 

0 

0 

2.0 

1 .0 

2.0 

■'.4 

0.1 

0.? 

0 

91.9 

7.B 

0.9 

24.7 

2.7 

0.2 

78.4 

0.1 

0 

0.1 

19.9 

3.4 

P4.4 

0.1 

0 

3','.  4 

H.l 

2.9 

20.i- 

3.1 

0.2 

78.4 

1.9 

0 

0.1 

8.3 

3.4 

11.9 

0.1 

0.1 

44.i, 

14.7 

2.9 

21.3 

1.1 

0.3 

78.4 

1.9 

0 

0 

8.4 

3.4 

3,t. 

o.r? 

0 

28.8 

49.0 

1.0 

1*  > .0 

7.0 

1.0 

78,4 

1.4 

0 

0 

0.2 

lb)'* 

1.4 

83.', 

o.r? 

0.1 

4r>.o 

9.2 

2.1 

17.1 

2.1 

0.1 

7B.4 

2.0 

0 

0 

13.0 

lb)»» 

41.0 

3.4 

0 

0 

83,4 

i ( JJ 

2.9 

20.1 1 

2.4 

0.3 

89.2 

1.4 

0 

0.0 

7.1  1 

1'nt.ni'ory  7'.  H-'l'mi  l'uyjoad 


/ion,  stake  semitrailer 
at  on  nundtruller 
'tori  nemltra  iler 
'ton,  low-bed  nemitraller 


0 

0.9 

0 

0 

83.0 

8.9 

0.1 

'•0.3 

9.9 

0.9 

l4.4 

0.0 

0.0 

o.d 

2.4 

I’ntei', 

,r,v  «! 

9- 

T,m  Triietnr  with  1.2 ■ 

■Toll,  4 

-Wheel 

I Trailer 

41.0 

3.9 

0 

0 

88 . 8 

V.i. 

8,9 

19.9 

8 . 9 

0.2 

89.8 

1.4 

0 

0.0 

0.9 

3.4 

70,9 

0.1 

0 

12.4 

3.1 

0 

10.8 

0.1 

3 

78.4 

12.8 

0 

0.9 

0.7 

'i  J* 

23.9 

0.8 

0.1 

4-  .0 

9.0 

0.1 

17.1 

o.4 

9.1 

78.4 

8.0 

0 

0 

13.0 

41 .0 

.19.8 

0 

0 

80.', 

9.8 

O.l 

14.(, 

8.9 

0,8 

89.8 

8.9 

0 

0 

6.1 

^ateKi'i'y  9)  10-Ti’ii  'i' raetoi1  with  84-Tun,  4-Wlnnii  Trailer 


Ion , low-bed  .lend trailer 
Jon,  lew-bed  r.emitra U"r 


48  .1  3 , ‘.i  0.1 

4:.' , i j ■ , . i o.i 


0 83.5  7.8  0.1  HIM 

0 81.8  O.B  o.l  m.y 


0.4  o.4  100.0 

3.2  0.1  100.0 


|*itl.e|.'iir,v  10;  HH-l/i’-'i'un  Tractor  with  ti'-l/i'-Tor.  Trailer 


tf-ton,  heavy  .'iiuijiment 
|*d  iietrdtra  1 ler 

41,0  .19.: 

? 0 

0 

lhji 

7 S 

0,9 

I-..9  0.3  o.l  89.8  8.9 

0 

1.0  9.7 

l^-ton,  heavy  equipment 
:.'id  nendtr..!  V r 

.100,0  0 

0 

0 

0 

0 

0 0 0 300,0  0 

0 

0 ' 

Oal.ui'tiry  11  I Tracked  Vehleloii 


Nona 

Nona 

i-ton  Uaavy  aquiipmard 
*d  otoaitr  atler 


0 

0.1 

0.8 

0 

90.8 

i’U . 9 

8.0 

80.3 

4.7 

0.8 

0 

0 

0.8 

0.9 

1 

2.9 

0 

0.1 

o.r? 

0 

97  .8 

18.0 

1,1 

28.2 

9.1 

1.9 

0 

0 

0.7 

0.9 

5.9 

0 

0.1 

0 

0 

44.6 

89.6 

0.9 

84.8 

0.4 

0.6 

0 

0 

0 

0 

0.9 

Cat,! 

K(,l7  -1 

1.1! I Other  Vuhieleu 

| 

0 

o.4 

0.1 

U 

93.5 

11.0 

9.1 

24.0 

0.1 

1.0 

0 

0 

49.4 

2.4 

1 

5.0  j 

0 

0.4 

0.8 

0 

98.6 

7.G 

13,3 

24 .9 

0.9 

1.4 

0 

0 

72 . 9 

8.9 

8,2 

0 

0.4 

0,2 

0 

39.3 

19.6 

l4.o 

24.6 

9.1 

0.0 

0 

0 

2.0 

1.7 

u I 

Q.4 

U.3  0 

9.3.13 

o.g 

13.4 

0.4 

0 

0 

84.0 

39.9 

9.1 

19.1 

0 

0 

l4 .0 

9,9 

0.9 

Vehlc.lwn 


l6.4  B.3  0.9 


; 


J 0.4 

0 

0 

2.0 

1.8 

f 0.4 

78.4 

1.2 

7.8 

0.5 

ii  0.4 

78.4 

1.4 

0 

0.3 

’0.3 
in  0.2 

.14.4 

1.4 

2.0 

0.9 

14. 4 

0.1 

2.0 

3.V 

: 0.3 

78.4 

2.1 

7.5 

o.O 

I 3‘3 

\ 

ri 

78.4 

1.4 

0 

0.6 

V 

f 0, 3 

14.4 

0.1 

0.8 

0.9 

!>  0.7 

0 

0 

2,0 

3 ,0 

4 0.2 

78.4 

0.1 

0 

0,1 

l 0.2 

78.4 

1.8 

0 

0.1 

I?  0.3 

78.4 

1.3 

0 

0 

U.o 

?8.4 

1.4 

0 

0 

f.O.l 

78.4 

2,ii 

0 

0 

jn.3 

88.2 

1.4 

0 

0,0 

f 

1 0.9 

14.4 

0.0 

0.6 

0.9 

r.  Trailer 

i1"*1 

JO.  2 

88.2 

1.4 

0 

0,». 

r';3 

78.4 

12.2 

0 

o.9 

'0.1 

78.4 

2,6 

0 

0 

lt0.2 

85.2 

2.5 

0 

0 

:V  'Jralltir 

'<'(""1  mmmm 


\0.4 

100.0 

0 

0 

0 

tf»*1 

100,0 

0 

0 

0 

S.  Trailin’ 

»,).i 

85.2 

2.5 

0 

.1.0 

/» 

100.0 

0 

0 

0 

*,2 

0 

0 

0.8 

0.9 

i-5 

0 

0 

0.7 

0.9 

M 

0 

c 

0 

0 

?10 

0 

0 

55.4 

2.5 

0 

0 

72 , 5 

2.5 

0 

0 

2,0 

1 . 7 

,5 


34.0 

1.0 

14.7 

.1 .2 

3.6 

41.7 

3.9 

0.(i 

4.7 

1.8 

1.0 

0.4 

0.5 

0.4 

7.5 

0.4 

0.7 

4.2 

32.5 

36.6 

5.7 

1.0 

1.3 

4.1 

31.7 

36.6 

9.8 

0.8 

0.9 

4.0 

3.1 

0 

4.9 

1.8 

1.0 

0.4 

7.7 

0 

5.6 

0.7 

1.5 

4.0 

33.2 

2.3 

9-9 

0.7 

,3.0 

34.9 

2.0 

0.4 

20.4 

0.7 

1.3 

72.2 

15 . 5 

0.1 

2.9 

2.4 

0.3 

0.4 

8.3 

2.3 

3.3 

0.6 

3.5 

2.0 

8.4 

2.2 

3.0 

O.f. 

4.7 

1.0 

0.2 

0.8 

8.2 

0.7 

2.1, 

7.7 

13.-' 

0 

2.5 

2.1 

0.3 

0.4 

7.1 

0.3 

3.0 

0.7 

0,7 

0.9 

2.4 

0.0 

2.3 

15.2 

2.9 

91.3 

9.5 

1 .2 

2.7 

0.7 

0.7 

0.9 

9.7 

0.1 

0.4 

1.1 

0.1 

0.1 

13.6 

0 

2.6 

2.2 

0.4 

0.1 

9.1 

1.7 

1.8 

0.7 

1.0 

0.9 

0 

0 

0 

0 

0 

0 

J 

0 

0 

0 

0 

0 

5.7 

O.f, 

0.5 

0.9 

0.6 

1.1 

0 

0 

0 

0 

0 

0 

2.5 

0.6, 

21.1 

0.9 

1.7 

71.  (i 

5.9 

0.5 

15.6 

0.8 

2.4 

73-3 

0.9 

1.0 

13.9 

10.3 

1 .6 

72.3 

5.8 

0 

15.9 

1.2 

0.5 

18.7 

;»  o 

*•  « *-> 

0.1 

19  ..3 

1.2 

0.4 

1.0 

0 

u 

24,4 

1J 

1,0 

00,4 

0 

0.3 

0 

0 

25.:' 

0.2 

0.7 

0,4 

0 

43.1 

0 

1.5 

37.3 

C 

21.0 

0 

0.3 

39.9 

0 

0 

0 

8.0 

0 

0 

49.5 

0 

0,6. 

0.3 

0 

41.6 

0 

8.0 

0 

0 

91.6 

0 

0.3 

0,2 

0 

39-9 

0 

3.7 

0 

3.7 

52.0 

0 

0,3 

0,4 

0 

39.9 

0 

3.3 

37.3 

0 

20.3 

0 

0.3 

3«.9 

0 

0 

0 

8.0 

0 

0 

51.2 

0 

0,7 

0.2 

1.0 

38.8 

0 

0.3 

0 

0 

58.2 

0.3 

0.7 

0.2 

0 

40.3 

0 

0.3 

0 

0 

26.1 

0.3 

0.7 

0.' 

0 

72.0 

0 

3.7 

0 

0 

78.1 

0 

0.3 

0.2 

0 

17.7 

0 

3.7 

0 

2.6 

53.1 

0 

0.3 

0.3 

0 

40.1 

0 

3.7 

0 

0 

55.8 

0 

0.2 

0,2 

0 

40.1 

0 

3.7 

0 

0 

24.2 

0.4 

0.3 

0.5 

0 

70.9 

0 

8.0 

0 

0 

73.8 

0 

0.3 

0.2 

0 

17.7 

0 

8.0 

0 

0 

51  .<  i 

0 

0.3 

0.2 

0 

39.9 

0 

0.3 

0 

0 

32.0 

1.1 

0.2 

0.4 

0 

65.9 

0 

8.0 

0 

0 

‘1.2 

0.3 

0.2 

0.2 

0 

39-9 

0 

8.0 

0 

0 

V4.U 

0 

0 

0.2 

0 

17.7 

0 

8.0 

0 

0 

74.1 

u 

0 

0.2 

0 

17.7 

0 

8.0 

0 

0 

51.5 

0.3 

0 

0.2 

0 

39.9 

0 3.7  0 

0 

38.7  0.1  0 

0.3  0 

57.2 

0 8.0  0 

0 

74 . 1 0 0 

0.1  0 

17.8 

c 

b 

0 

0 

49.1  0 0.2 

0,2  0 42.4 

0 8.0  0 

0 

73.0  0.1  0.2 

0.1  0.2  17.6 

0 

0 

0 

0 

33.8 

1.6 

0.2 

0,4 

0.3 

63.6 

0 

0 

0 

0 

19.9 

1.1 

0.2 

5.5 

0 

73.5 

0 

0 

0 

0 

35.5 

3.0 

0 

0 

0 

Cl.  G 

0 

0.3 

0 

0 

,30.0 

0.2 

0.9 

0 

0 

1,8 .6 

0 

0.3 

0.5 

0 

26.3 

0 

1.0 

0 . 2 

0 

72.0 

0 

0.3 

0 

0 

32.6 

0,3 

1.3 

0.4 

0.3 

64.6 

a>5  5.9  0.1  16.1  1.3  0,1  1.5  0 0.3 

^•2  0.5  2.Q  19.3  0,9  0,5  74.0  0 0,3 

Q 0 0 0 G 0 0 3. 7 


0 

0 

29.9 

0.2 

0,9 

0 

0 60. 7 

0 

0 

23.5 

0.7 

1.5 

o.C 

0 73.4 

0 

0 

4l.U 

0 

0.2 

0.3 

0.1  53.9 

d 


Comparison  of  VCI  and  VCI,_  on  Off-Road  Vehicle  Performance 
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arisen  of  Speed  Performance  on  Smooth.  Level,  and  Sloping  Primary  Roads 
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Table  14 


Araal  Travafae  Characteristics  as  "Seta"  by  the  Vehlcl  — 


WeBt  Germany 
High*  Low** 

Thailand 
High*  Low1** 

Arizona 
High*  Low** 

vioo*  mpb 

6 

1 

2 

0.1 

3 

1 

mph 

11 

4 

4 

0.1 

7 

2 

Percent  GO 

99 

86 

97 

14 

99 

82 

Terrain  Factors  Controlling 

Soils  and  r jpes,  $ 

18 

27 

1 

80 

1 

5 

Ride,  i 

U9 

Ui4 

2 

6 

31 

h4 

Obstacle  Override,  ^ 

1 

1 

74 

5 

67 

48 

Vegetation  and  Other,  $ 

32 

28 

23 

9 

1 

3 

*Hiph  = Three  hiph-mobility  vehicles  (M656,  M656,  M113) 


**Low  = Three  standard  vehicles  with  mobility  reduced  by  front-wheel  drive 
denial  (M715EU4,M35A2M,  M813M) 


91< 
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Table  16 


V100  *or  Selected  Military  Vehicles 


Payload 

Hleh  Mobility  i 

MEraraKPCTITn — 1 

Low  Mobility 

Category 

f Transects  i 

MM 

F Transects  ) 

MM 

Transects 

(tone) 

Vehicle 

W.G.  T A 

1/4 

H151A2 

i 

i 

4.8 

0.1 

3.0 

i 

1/2 

M274A2 

H.l 

0.1 

3.3 

1 

3/4 

M37E1 

5.0 

1.5 

3.5 

1 

! 

I 

I 

1-1/4 

M561 

5.7 

1.4 

2.8 

M715E1 

4.9 

0.5 

2.9 

■ 

m 

2-1/2 

M35A2 

4.3 

1.7 

3.2 

5 

M656 

6.6 

1.  • 

4.1 

M813 

3.3 

0.6 

2.4 

m 

0.2 

0.1 

0.8 

8 

M520E1 

3.6 

0.5 

3.3 

10 

■ 

0.2 

0.1 

0.9 

22-1/2 

JCM746/ 

M747 

0.2 

0.1 

0.9 

Ref 

(Tracked) 

M113 

i 

6.8 

3,2 

5.9 

93< 


Table  1? 


Table  19 


Ranking  of  Off-Road  Performance  of  Stwlv  Vchlcloa 
Using  V_n  as  the  Criterion,  Weat  Germany  Traveree 

(Using  updated  V front  Addendum  1}’ 


Rank 

Vehicle 

No. 

Vehicle  Identification 

V 

90 

8peed 

Kph 

V 

100 
i No  G 

1 

56 

5-to  8-ton,  8x8  (c) 

12.4 

0.3 

2 

33 

M656,  5-ton,  8x8 

11.9 

o.6 

3 

14 

M56l,  1-1/4-ton,  6x6 

10.3 

0.6 

4 

37 

M65 6,  5-ton,  8x8/Ht 

IC.O 

7.2 

5 

20 

M56l,  1-1/ u- to© , 6x6 /T 

8.9 

0.6 

6 

13 

»rr05,  l-l/4-ton,  4x4 

8.8 

0.7 

7 

2 

1/4-ton,  4x4  (100  in.  VB)  (c)« 

8.4 

1.0 

8 

21 

M56l,  1-1/4-ton,  6x6/ U 

3.3 

1.2 

9 

10 

M37B1,  3/4-ton,  4x4 

8.1 

0.6 

10 

6 

1/4-ton,  4x4,  (c)/T*# 

8+t 

1.0 

11 

1 

M151A2,  1/4- ton,  4x4 

7.9 

0.6 

12 

34 

5-ton,  6x4  (c) 

7.9 

3.7 

13 

15 

1-1/4-ton,  4x4  (100  in.  WB)  (c) 

7.5 

1.0 

14 

55 

1/4-ton,  4x4  (c)  (85  in.  WB) 

7.4 

0.6 

15 

12 

M715E1,  1-1/ 4-ton,  4x4 

7.4 

0.9 

16 

5 

M151A2,  1/4-ton,  4x4/T 

7.4 

4.0 

17 

11 

M37B1,  3/4-ton,  4x4 /T 

7.3 

0.9 

18 

3 

M151A2,  1/4-ton,  4x2 

T.3 

k.3 

19 

18 

M715E1,  1-1/4-ton,  4x4 /T 

6.9 

0.9 

20 

16 

M715E1,  1-1/4-ton,  4x2 

6.7 

7.2 

21 

25 

M35A2,  2-1 /2-ton,  6x6 

6.6 

0.6 

22 

19 

XM705,  l-l/4-ton,  4x4/T 

6.4 

1.0 

23 

22 

1-1/4-ton,  4x4  (c)/T 

6.4 

6.5 

24 

17 

1-1/4-ton,  4x2  (c) 

6.1 

7.4 

25 

4 

1 /4-ton,  4x2  (c) 

6 

9.1 

26 

27 

M35A2,  2-1/2-ton,  6x4 

5.9 

7.2 

27 

24 

1-1/4-ton,  4x2  (c)/T 

5.5 

9.1 

28 

9 

M27 4A2 , l/2-ton,  4x4 

5.3 

0.4 

29 

32 

M813.  5-ton,  6x6 

5.2 

0.8 

30 

29 

M35A2,  2-1/2-ton,  6x6/H 

4.7 

4.6 

31 

23 

M715E1,  1-1/4-ton,  4x2 /T 

3.9 

9.1 

32 

28 

M35A2,  2-1/1 ’-ton,  6x6 /T 

3.5 

4.6 

33 

31 

M35A2,  2-1/2-ton,  6x4/T 

3.2 

9.0 

(Continued) 


•Commercial  (c).  (l  of  2 Sheet*) 

•“Trailer  (l'). 
tHowitzer  ( II ) . 

1tValu«|H  .without  decimals  are  estimated  per  Addendum  1. 
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Tabic  19  (Concluded) 


Vehicle 

Speed 

100 

Hank 

No. 

Vehicle  Identification 

»Ph 

t No  (Jo 

34 

40 

M520E1,  8-ton,  4x4 

2.5 

0.7 

35 

26 

2-1/2-ton,  4x4  (c)  (150  In.  WB) 

1.3 

14.2 

36 

36 

M813,  5-ton  6x6/H 

1.2 

15.5 

37 

7 

M151A2,  1/4-toa,  4x2/T 

1.0 

18.0 

38 

8 

1/4- ton,  4x2  (c)/T 

0.8 

20.9 

39 

43 

5-ton,  6x4  ( c ) ( 150  in,  WB)/T 

0.5 

27.2 

40 

35 

M013,  5-ton.  6x4 
5-ton,  6x4  (o)/T 

0.5 

28.0 

4l 

38 

0.4 

27.2 

1*2 

30 

2-1/2-ton,  4x2  (c 5(150  in.  WB)/T 

0.4 

28.0 

1*3 

39 

M813,  5-ton  6x4 /T 

0.2 

44.6 

1*4 

41 

N818,  5-ton  6x6/T 

0.2 

44.6 

45 

45 

M123A1C,  10-ton , 6x6/ T 

0.2 

45.7 

46 

44 

M818,  5-ton,  6x4 /T 

0.2 

56.2 

47 

57 

22-,1/2-ton,  8x6  (o)/T 

0.2 

57.2 

48 

46 

10-ton,  6x4  (182  in.  WB)/T 

0.2 

57.3 

49 

47 

XK746,  22 -1/2- ton,  8x8/t 

0.2 

58.3 

50 

42 

5-ton,  6x4  (e),  (152  in.  WB)/T 

0.1 

74.1 

51 

48 

22-1/2-ton,  8x4  (c)/T 

0.1 

100.0 

(2  of  2 Sheet*  ) 


Table  20 


Ranking  of  Off-Road  Performance  of  Study  Vehicles 
Using  Vg0  as  the  Criterion*  Thailand  Traverse 

(Using  updated  fro»  Addendum  i) 


V 

V 

Vehicle 

Speed 

100 

Rank 

No. 

Vehicle  Identification 

nah 

1 So  G- 

1 

13 

3M705,  1-1/4-ton,  4x4 

5.9 

3.5 

2 

25 

M35A2,  2-1 /2-ton,  6x6 

5.3 

3.8 

3 

56 

5-  to  0-ton,  0x0  (c)“ 

4.1 

0.9 

4 

10 

M37B1,  3/4-ton,  4x4 

3.9 

4.2 

5 

33 

M656,  5-ton,  0x0 

3.4 

3.0 

6 

lit 

M56l,  1-l/lt-ton,  6x6 

3.1 

3.8 

7 

20 

W6lt  1-l/lt-ton,  6x6/T*»» 

3.1 

4.4 

8 

32 

K013,  5-ton,  6x6 

1.9 

lC.l 

9 

12 

N715K1,  1-1/U-ton,  Itxlt 

1.5 

17 .6 

10 

ItO 

M520E1 , 8-tou,  Itxlt 

1.5 

16.0 

11 

19 

1M705,  1-1/lt-ton,  Itxlt /T 

1.2 

18  ;4 

12 

11 

H3TB1,  3/lt-ton,  Itxlt /T 

1.1 

10:4 

13 

20 

M35A2,  2-1/2-ton,  6x6/T 

1.0 

18.7 

14 

10 

M715J£1,  1-1/ltOtoa,  Itxlt /T 

0.9 

19.1 

15 

21 

M561,  1-l/lt-ton,  6x6 /Ut 

0.7 

19.0 

16 

29 

M35A2,  2-1/2- ton,  6x6/H 
1/4-ton,  Itxlt  (a) (05  in.  WB) 

0.7 

20.2 

IT 

55 

0.1 

74.9 

10 

1 

M151A2,  1/lt-ton,  Itxlt 

0.1 

74.9 

19 

2 

1/h-ton,  Itxlt  (0) 

0.1 

75.7 

20 

3 

M151A2,  1/lt-ton,  ltx2 

0.1 

78.9 

21 

1* 

1/lt-ton,  ltx2  (c) 

0.1 

90.3 

22 

5 

M151A2,  1 /It— ton , ltxlt/T 

0.1 

76.1 

23 

6 

1/li-ton,  Itxlt  (c)/T 

0.1 

78,6 

?4 

T 

M151A2,  1/lt-ton,  Itx2/T 

0.1 

01.3 

25 

8 

1/lt-ton,  ltx2  (c)/T 

0.1 

90.2 

26 

9 

M274A2 , 1/2-ton,  4x4 

0.1 

79-0 

27 

15 

1-1/U-tcn,  Itxlt  (c) 

0.1 

79.8 

28 

16 

M715KL , 1-l/lt-ton,  4x2 

0.1 

42.7 

29 

17 

1-1/4-ton,  4x2  (c) 

0.1 

08.0 

30 

22 

1-1/4-ton,  4x4  (c)/T 

0.1 

00.5 

31 

23 

M715E1,  1-1/ 4-ton,  4x2/T 

0.1 

01.5 

32 

2 It 

1-1/4-ton,  4x2  (c)/T 

0.1 

09.0 

33 

26 

2-1/2-ton,  4x2  (c) 

0.1 

07.6 

(Continued) 


*»Con*aercial  (c). 
•“Trailer  (T). 
tHovitaer  (H). 


Shi< 
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Tabic  20  'Concluded) 


Vehicle  Speed  100 


Ranh 

No. 

Vehicle  Identification 

nph 

% No  Go 

34 

27 

M35A2,  2-1/2- ton,, 6x1* 

0.1 

80.1 

35 

30 

2-1/2-tou,  4x2  (c)/T 

0.1 

38.8 

36 

31 

M35A2,  2-1/2-ton,  6x4 

0.1 

60.5 

37 

31* 

5-ton,  6x4  (c) 

0.1 

78.5 

38 

35 

m313,  5- ton,  6x4 

0.1 

60.0 

39 

36 

M813,  5-ton,  6x6/ H 

0.1 

79.1 

1*0 

37 

M656,  5-ton,  8x8/11 

0.1 

79.8 

1*1 

38 

5-ton,  6x4,  (c)/T 

0.1 

81.0 

1*2 

39 

M8l3 , 5-ton  6x4 /T 

0.1 

67.3 

1*3 

1*1 

M818,  5-ton,  6x6/1 

0.1 

87.3 

1*1* 

1*2 

5-ton,  6x4  (c)(152  in.  WB)/T 

0.1 

•1.5 

1*5 

1*3 

5-ton,  6x4  (a) (150  in.  HB)/T 

0.1 

81.0 

1*6 

1*1* 

M818.  5-ton,  6x4 /T 

0.1 

87.8 

1*7 

1*5 

M123A1C , 10-ton,  6x6/ T 

0.1 

100.0 

1*8 

1*6 

10- ton,  6x4  (c)/T 

0.1 

100.0 

1*9 

1*7 

JOT/46,  22-1/2-ton,  fix8/T 

0.1 

88.8 

50 

1*8 

22-1 /2-ton,  8x4  Cc)/T 

0.1 

100.0 

51 

57 

22-1/2-ton,  8x6  (c)/T 

0.1 

100.0 

99^ 
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Table  21 


Banking  of  Off-Road  Performance  of  Study  Vehicles  Ualng 
VgQ  aa  the  Criterion,  Arizona  Traverae 

( Uolng  updatea  from  Addendum  l) 


Vehicle  Speed  *100 


Rank 

No. 

Vehicle  Identification 

mph 

% No  (to 

1 

37 

M656,  5-toa,  8x8/Ht 

6.6 

3.7 

2 

55 

1/b-ton,  bxb  (c)  (85  in.  WB) 

6.b 

0.3 

3 

3b 

5~ton,  6xb  (e) 

5.8 

3.7 

b 

33 

M656 , 5-ton , 8x8 

5.b 

0.3 

5 

12 

M715I21,  1-1/b-ton,  bxb 

5.1 

0.8 

6 

18 

M715E1.  1-1/b-ton,  bxb/T““ 

5-0 

b.2 

7 

23 

M715N1,  1-1/b-ton,  bx2/T 

5.0 

b.2 

8 

16 

M715U1,  1-1/b-toa,  bx2 

5tt 

b.2 

9 

13 

XM705 , 1-1/b-ton,  bxb 

b.8 

0.3 

10 

10 

M37B1,  3/b-ton , bxb 

b.7 

0.3 

11 

1 

M151A2,  1/b-ton,  bxb 

b.7 

0.8 

12 

9 

M27bA2,  1/2-ton,  bxb 

b.7 

0.6 

13 

3 

H151A2,  1/b-ton,  bx2 

b.b 

b.2 

lb 

56 

5-  to  8-ton,  8x8  (a) 

b.3 

0.3 

15 

29 

M35A2,  2-1/2-tau,  6x6 /U 

b.3 

7.9 

16 

be 

22-1/2-ton,  8xb  (e)“/T 

b.3 

8.0 

17 

25 

M35A2,  2-1/ 2- ton,  6x6 

b.2 

0.3 

18 

11 

M37U1,  3/b-ton,  bxb/T 

b.2 

3.7 

19 

38 

5-ton,  6xb  (c)/T 

b 

6.0 

20 

bo 

M520E1,  8- ton , bxb 

3.9 

0.3 

21 

27 

M35A2,  2-1 /2-ton.  6xb 

3.8 

8.0 

22 

57 

22-1/2-ton,  8x6  (c)/T 

3.7 

3.7 

23 

lb 

M561,  1-1/b-ton,  6x6 

3.6 

0.3 

2b 

20 

M56l,  1-1/b-ton,  6x6/ T 

3.5 

0.3 

25 

21 

M56l,  1-1/b-ton,  6x6/H 

3.5 

0.3 

26 

5 

M151A2,  1/b-ton,  bxb/T 

3.b 

b.2 

27 

7 

NL151A2,  1/b-ton,  bx2/T 

3.3 

8.5 

28 

19 

XM705,  1-1/b-ton,  bxb/T 

3.2 

3.7 

29 

36 

M813,  5-ton,  6x6/11 

3.1 

3.7 

30 

39 

M813,  5-ton,  6xb/T 

3.0 

8.0 

31 

b7 

jc^rbe,  22-1/2-ton,  8x8 /t 

3.0 

8.0 

32 

b3 

5-ton,  6xb  (150  in.  Wh)(c)/T 

3.0 

8.0 

33 

32 

M813,  5-ton,  6x6 

2.9 

0.3 

(Continued) 


“Commercial  (c).  (1  of  2 Qhoeta ) 

* “Trailer  (T) . 
tRovi  titer  ( 11 ) . 

1+Valuea  without  decimals  are  estimates  per  Addendum  I. 


100 


Table  21  ( Concluded ) 


Hank 

Vehicle 

Ho. 

Vehicle  Identification 

V90 

Speed 

ttPh 

V 

100 
K no  a 

34 

28 

M35A2,  2-1/2-ton,  6x6/T 

2.9 

6.0 

3!> 

31 

M35A2,  2-1/2-ton,  6x4 /T 

2.9 

8.0 

36 

35 

Mfllj,  5-ton,  6x4 

2.8 

6*3 

3? 

4i 

M010,  5-ton,  6x6/ T 

2.4 

8.0 

38 

44 

M8l8,  5- ton,  6x4/T 

2.4 

8.0 

39 

46 

10-tou,  6x4  (162  in.  WB)(c)/T 

2.4 

0.0 

4o 

42 

5-ton,  6x4  (152  in.  WB)(o)/T 

2.1 

8.0 

4i 

45 

M123A1C,  10-ton,  6x6/1' 

1.4 

8.0 

42 

2 

1/4-ton,  4x4  (c) 

0.3 

37.5 

43 

6 

1/4-tou,  4x4  (c)/T 

0.3 

38.8 

44 

4 

1 /4-ton,  4x2  (c) 

0.3 

30.9 

45 

15 

l-l/4~ton,  4x4  (c) 

0.3 

39.6 

46 

8 

1/4-ton,  4x2  (o)/T 

0.3 

4o,6 

47 

22 

1-1/4-ton,  4x4  (c)/T 

0.2 

40.9 

46 

17 

1-1/4-ton,  4x2  U) 

0,2 

4l.o 

49 

24 

1-1/4-ton,  4x2  (c)/T 

0.2 

42.2 

50 

26 

2-1/2-ton,  4x2  (150  in.  VB)(c) 

0.2 

49.4 

51 

30 

2-1/2-ton,  4x2  (150  in.  WB)(c)/T 

0.2 

50.3 

p of  2 Sheets) 
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Table  22 


Hanking  of  On-Hoad  Performance  of  Study  VehicleB  Using  Speed  on 
Type  2 Hoadi  (Vp)  a#  the  Criterion,  Weat  Germany  Traverse 

(Using  updated  V0  from  Addendum  I] 


Vehicle 

Type  2 

(v2) 

Speed 

Type  1 

(V 

Speed 

»mik 

No, 

Vehicle  Identification 

_mgh_ 

34.1 

mph 

1 

3 

M151A2,  1/ 4-ton,  4x2 

C39.0) 

2 

1 

M151A2,  1/4-ton,  4*4 

32,1 

(39.0) 

3 

13 

XH705,  l-l/4utoa,  4*4 

30.4 

(39.0) 

4 

5 

JCL51A2,  1/4-ton,  4*4 /T*« 

30.4 

(35.9) 

5 

19 

XM705,  1-1/4-ton,  4*4/T 

29.4 

(37.6) 

6 

2 

1/4- ton,  4*4  (c)* 

29.2 

(39.0) 

7 

k 

1/ 4-ton,  4*2  (c) 

29++ 

(39.0) 

8 

lh 

M56l,  1-1/4-ton,  6*6 

29.0 

(37.6) 

9 

10 

M37H1 , 3/4-ton , 4*4 

28.4 

(37.6) 

10 

34 

3-ton,  6*4  (c) 

27.6 

(34.3) 

11 

20 

M56lf  1-1/ 4-ton,  6*6 /T 

27.2 

(37.6) 

12 

21 

Mt»6.1 , 1-1/4-ton,  6*6 /HI' 

27.2 

(37.6) 

13 

6 

1/4-ton,  4*4  (c)/T 

27 

(35.9) 

Ik 

43 

5-ton,  6*4  (c)(l50  in.  WB)/T 

26.6 

(35.9) 

It > 

33 

M6t»6,  5-ton,  8*8 

26.0 

(35.9) 

16 

23 

M35A2,  2-1/ 2-ton,,  6*6 

25-5 

(35.9) 

17 

27 

H35A2,  2-1/2-ton,  6*4 

25.5 

(35.9) 

18 

12 

M715K1,  1-1/4-ton,  4*4 

25.3 

(39.0) 

19 

16 

M713K1,  1-1/ 4-ton,  4*2 

25 

(35.9) 

20 

56 

5-  to  8- ton,  8*8  (c) 
5-ton,  6*4  (c)/T 

25.0 

(35.5) 

21 

38 

25 

(31.6) 

22 

11 

M37B1,  3/4-ton,  4*4/1' 

24.6 

(37.6) 

23 

33 

1/4-ton,  4*4  (e)  (85  in.  MB) 

24.4 

(39.0) 

2U 

26 

2-1/2-ton,  4*2  (a) (150  in.  Y>B) 

23.3 

(36.2) 

at? 

18 

M715K1 , 1-1/4-ton,  4x4/T 

23 

(37.6) 

26 

23 

W15K1,  1-1/4-ton,  4*2/T 

23 

(37.6) 

27 

13 

1-1/ 4-ton,  4*4  (c) 

22.4 

(39.0) 

28 

17 

1-1/t-ton,  4*2  (c) 

22 

(39.0) 

29 

29 

M35A2,  2-1/2-ton,  6*6 /H 

21.9 

(35.9) 

30 

37 

M656,  5 -ton,  8x8/11 

21.6 

(35.9) 

31 

28 

M35A2,  2-1/2-ton,  6*6/1' 
(Continued) 

21.4 

(35.9) 

*0omn»rcial  (o) . 

••Trailer  ('!'). 

IHowitzer  (lit) . 

t+Valuos  without  decimulB  are  estimates  per  Addendum  I. 
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Table  22  (Concluded) 


Type  2 

Type  1 

(V2) 

(Vx) 

Vehicle 

Speed 

Speed 

Rank 

No. 

Vehicle  Identification 

ash 

ranh 

32 

30 

2-1/2-ton,  4x2  (c) (150  in.  WB)/T 

21.2 

(35.9) 

33 

22 

1-1/4-ton,  4x4  (c)/T 

21 

(37-6) 

34 

24 

1-1/4-ton,  4x2  (c)/T 

21 

(37.6) 

35 

32 

M8l3,  5-ton,  6x6 

21.0 

(35.9) 

36 

35 

M813,  5-ton,  6x4 

21.0 

(35.9) 

37 

31 

M35A2,  2-1/2-ton,  6x4/T 

20.5 

(35.9) 

38 

4l 

M8l8,  5-ton,  6x6/ T 

20.5 

(35.9) 

39 

44 

M8l8,  5-ton,  6x4/T 

20.3 

(35.9) 

1*0 

4o 

M520E1,  8-ton,  4x4 

20.3 

(.26.2) 

41 

36 

M8ij,  5-ton,  6x6 /H 

19.3 

(35.9) 

(35.9) 

42 

39 

#4813,  5-ton,  6x4/T 

19.2 

43 

8 

1/4-ton,  4x2  (c)/T 

16.5 

(35.9) 

44 

7 

M151>2,  1/4-ton,  4x2/T 

15.9 

(35.9) 

45 

47 

304746,  22-1/2-ton,  8xQ/T 

11.6 

(29.7) 

46 

48 

22-1/ 2-ton,  8x4  (c)/T 

11.5 

(29.7) 

47 

9 

M274A2,  1/2-toa,  4x4 

10.6 

(22.8) 

48 

57 

22-1/2-ton,  8x6  (c)/T 

8.9 

(26.9) 

49 

45 

H123A1C,  10-ton,  6x6/T 

7.9 

(26.2) 

50 

46 

10-ton , 6x4  (c)(lB2  in.  WB)/T 

7 

(26.2) 

51 

42 

5-ton,  6x4  (c)  (152  in.  Vffi)/T 

3 

(35.9) 

GTof  2 Sheets) 
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Table  23 


Ranking 

of  On-Road  Performance  of  Study  Vehicles  Using  Speed  On  lypa 

Rank 

2 Roads 

(V^)  as  the  Criterion,  Thailand  Traverse 

Type  1 

(vx) 

Speed 

mph 

Vehicle 

No. 

(Using  updated  V^  from  Addendum 
Vehicle  Identification 

I) 

Type  2 

(v2) 

Speed 

mph 

1 

1 

M151A2,  1/4-ton, 4x4 

37.0 

(57.8) 

2 

3 

M151A2 , 1/4-ton,  4x2 

37.0 

(57.8) 

3 

5 

M151A2,  1/4-ton,  4x4/T 

34.6 

(48.7) 

4 

7 

M151A2,  1/4-ton,  4x2/T 

34.6 

(48.7) 

5 

2 

1/4-ton,  4x4  (c)* 

33+t 

(57.8) 

6 

4 

1/4-ton,  4x2  (c) 

33 

(57.8) 

7 

10 

M37B1,  3/4-ton,  4x4 

32.9 

(53.3) 

8 

6 

1/4-ton,  4x4  (c)/T** 

32 

(48.7) 

9 

13 

XM705,  1-1/4-ton,  4x4 

31.3 

(57.8) 

10 

56 

5-  to  8- ton,  8x8  (c) 

31.3 

(53.2) 

11 

14 

M561,  1-1/4-ton,  4x4 

30,7 

(53.3) 

12 

19 

XM705,  1-1/4 -to-.,  4x4 /T 

30.7 

(53.3) 

13 

20 

M561,  1-1/4- ton,  6x6/T 

29.1 

(53.3> 

14 

21 

M561 , 1-1/4-ton,  6x6/H+ 

29.1 

(53.3) 

15 

11 

M37B1,  3/4-ton,  4x4/T 

28.8 

(53.3) 

16 

33 

M656,  5-ton,  8x8 

25.3 

(48.7) 

17 

25 

M35A2,  2-1/2- ton,  6x6 

25.2 

(48.7) 

18 

27 

M35A2,  2-1/2- ton,  6\4 

25.2 

(48.7) 

19 

15 

1-1/4- ton,  4x4  (c) 

24 

(57.8) 

20 

17 

1-1/4-ton,  4x2  («) 

24 

(57.8) 

21 

40 

M520E1,  8- ton,  4x4 

23.8 

(29.7) 

22 

37 

M656 , 5-ton,  8x8/H 

23.8 

(29.7) 

23 

12 

M715E1,  1-1/4-ton,  4x4 

23.1 

(57.8) 

24 

16 

M715E1,  1-1/4-ton,  4x2 

23 

(57.8) 

25 

22 

1-1/4-ton,  4x4  (c)/T 

23 

(53.3) 

26 

24 

1-1/4- ton,  4x2  (c)/T 

23 

(53.3) 

27 

43 

5-ton,  6x4  (c)  (150  in.  WB)/T 

23 

(48.7) 

28 

34 

5- ton,  6x4  (c) 

23 

(45.0) 

29 

18 

M715E1,  1-1/4-ton,  4x4/T 

21 

(53.3) 

30 

23 

M715E1,  1-1/4-tou,  4x2/T 

21 

(53.3) 

31 

38 

5-ton, 6x4  (c)/T 

21 

(38.4) 

32 

26 

2-1/2-ton,  4x2  (c) 

20.7 

(49.7) 

33 

55 

1/4-ton,  4x4  (c)  (85  in.  WB) 

20.1 

(57.8) 

34 

28 

M35A2 , 2-1/2-ton,  6xG/T 

20.0 

(48.7) 

35 

29 

M35A2,  2-1/2-ton,  6x6/H 

19.8 

(48.7) 

(Continued) 

* Commercial  (c)  (1  of  2 sheets) 

**  Trailer  (T) 
t Howitzer  (H) 

ft  Values  without  decimals  are  estimates  per  Addendum  I. 
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Table  23  (Concluded^ 


Rank 

Vehicle 

No.  Vehicle  Identification 

Type  2 

(v2) 

Speed 

aph 

Type  1 
(V,) 
Kpeid 
aph 

36 

30 

2-1/2-ton,  4x2  (c)/T 

19.4 

(48.7) 

37 

31 

M35A2,  2-1/2- ton,  6x4/1 

19.4 

(48.7) 

38 

42 

5-ton,  6x4  (c)  (152  In.  WB)/T  19 

(48.7) 

39 

32 

M313,  5- ton,  6x6 

17.5 

(48.7) 

AO 

35 

M813,  5- ton,  6x4 

17.5 

(48.7) 

41 

8 

1/4-ton,  4x2  (c)/T 

17 

(48.7) 

42 

41 

M818,  5-ton,  6x6/T 

16.9 

(48.7) 

43 

44 

M818,  5-ton,  6x4/T 

16.9 

(48.7) 

44 

36 

M813,  5-ton,  6x6/H 

16.8 

(48.7) 

45 

39 

M813,  5- ton,  6x4/T 

16.8 

(48.7) 

46 

57 

22-1/2-ton,  8x6  (c)/T 

10.1 

(34.9) 

47 

48 

22-1/2-ton,  8x4,  (c)/T 

8.9 

(35.5) 

48 

47 

H746,  22-1/2-ton,  8x8/T 

8.7 

(35.5) 

49 

9 

M274A2,  1/2- ton,  4x4 

7.8 

(24.8) 

50 

45 

M123A1C,  10-ton,  6x6/T 

5.8 

(29.7) 

51 

46 

10-ton,  6x4/T 

5 

(29.7) 

(2  of  2 oheetu) 
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i 

! 

J 

Rankins 

of  On-Road 

Table  24 

Performance  of  Study  Vehicles  Using  Speed  On 

Type 

i 

! 

2 Roads 

(V^)  as  the  Criterion,  Arizona  Traverse 

t; 

r 

(dsing  updated  V from  Addendum  I) 

t 

4 

t 

Type  2 

Type  1 

i 

(v2) 

<v 

•' 

4 

* 

Vehicle 

Speed 

Speed 

1 

No. 

Vehicle  Identification 

mph 

mph 

i 

1 

1 

M151A2,  1/4-ton,  4x4 

34.5 

(48.5) 

,v 

2 

3 

M151A2,  1/4-ton,  4x2 

34.5 

(48.5) 

ft 

3 

5 

M151A2 , 1/4-ton,  4x4/T 

32.5 

(42.5) 

4 

7 

M151A2,  1/4-ton,  4x2/T 

32.5 

(42.5) 

f 

• 

5 

2 

1/4-tion,  4x4  (c)* 

31++ 

(48.5) 

! 

6 

4 

1/4-ton,  4x2  (c) 

31 

(48.5) 

7 

10 

M37B1,  3/4-ton,  4x4 

31.0 

(45.6) 

' 

8 

56 

5-8-ton,  8x8  (c) 

29.7 

(45.4) 

9 

13 

XM705,  1-1/4-ton,  4x4 

29.6 

(48.5) 

10 

14 

M561,  1-1/4-ton,  6x6 

29.1 

(45.6) 

\V  . 

11 

19 

XM705,  1-1/4-ton,  4x4/T 

29.1 

(45.6) 

12 

6 

1/4-ton,  4x2  (c)/T 

29 

(42.5) 

i‘ 

13 

20 

M561,  1-1/4-ton,  6x6/T 

27.8 

(45.6) 

i 

) 

14 

21 

M561,  1-1/4-ton,  6x6/H^" 

27.8 

(45.6) 

15 

11 

M37B1,  3/4-ton,  4x4/T 

27.5 

(45.0) 

■■ 

16 

33 

M656.  5- ton,  8x8 

24.3 

(42.5) 

•j: 

17 

25 

M35A2,  2-1/2-ton,  6x6 

24.2 

(42.5) 

18 

27 

H35A2,  2-1/2- ton,  6x4 

24.2 

(42.5) 

"t 

j 

19 

15 

1-1/4-ton,  4x4  (c) 

24 

(48.5) 

‘V 

20 

17 

1-1/4-ton,  4x2  (c) 

24 

(48.5) 

v> 

s;1. 

21 

40 

H520E1,  8- ton,  4x4 

23.1 

(27.8) 

/* 

22 

22 

1-1/4-ton,  4x4  (c)/T 

23 

(45.6) 

23 

24 

1-1/4-ton,  4x2  (c)/T 

23 

(45.6) 

24 

43 

5-ton,  6x4,  (150  in.  WB)/T 

23 

(42.5) 

25 

34 

5- ton,  6x4 

23 

(39.8) 

26 

12 

H715E1,  1-1/4-ton,  4x4 

22.4 

(48.5) 

r, 

27 

16 

M715E1,  1-1/4-ton,  4x2 

22 

(48,5) 

! i 

28 

37 

M656,  5-ton,  8x8/H 

21.4 

(42.5) 

t 

i 

29 

18 

M715E1,  1-1/4-ton,  4x4/T 

21 

(45.6) 

i 

f 

30 

23 

M715E1,  1-1/4-ton,  4x2/T 

21 

(45.6) 

1' 

31 

38 

5-ton,  6x4  (c)/T 

21 

(34.8) 

32 

26 

2-1/2-ton,  4x2  (c)  (150  in. 

WB)  20.2 

(43.1) 

(Continued) 

(1  of  2 sheets) 

* Commercial  (c) 

**  Trailer  (T) 

+ Howitzer  (H) 

1+  Values  without  decimals  are  estimates  per  Addendum  I. 
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Table  24  (Concluded) 


Type  2 

<v2) 


Vehicle 

Speed 

Rank. 

No. 

Vehicle  Identification 

mph 

33 

55 

1/4-t.on,  4x4  (c)  (85  in. 

WB)  19.6 

34 

28 

M35A2,  2-1/2-ton,  6x6/T 

19.6 

35 

30 

2-1/2-ton,  4x2(c)(15Q  in. 

. WB) /T  19.3 

36 

29 

M35A2,  2-1/2-ton,  6x6/H 

19.2 

37 

31 

M35A2,  2-1/2-ton,  6x4/T 

19.1 

38 

42 

5-ton,  6x4,  (152  in.  WB)/T  19 

39 

32 

M813,  5-ton,  6x6 

17.2 

40 

35 

M813,  5- ton,  6x4 

17.2 

41 

41 

M818,5-ton,  6x6 /T 

16.7 

42 

44 

M818,  5-ton,  6x4/T 

16.7 

43 

48 

22-1/2-ton,  8x4  (c)/T 

16.7 

44 

36 

M813,  5-ton,  6x6/H 

16.6 

45 

39 

M813,  5-ton,  6x4/T 

16.6 

46 

8 

1/4-ton,  4x2  (c)/T 

16 

47 

57 

22-1/2-ton,  8x6  (c)/T 

9.9 

48 

47 

XM746 , 22-1/2-ton,  8x8/l 

8.5 

49 

9 

M274A2 , 1/2-ton,  4x4 

7.7 

50 

45 

M123A1C , 10-ton  6x6/T 

5.7 

51 

46 

10-ton,  6x4,  (c)  (182  in, 

. WB) /T  5 

(2  of 


Type  1 

cv 

Speed 

mph 

(48.5) 

(42.5) 

(42.5) 

(42.5) 

(42.5) 

(42.5) 

(42.5) 

(42.5) 

(42.5) 

(42.5) 

(29.0) 

(42.5) 

(42.5) 

(42.5) 

(32.0) 

(32.5) 

(23.7) 

(27.8) 

(27.8) 


sheets) 
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ADDENDUM  I 


APPLICATION  OF  EXPERIMENTAL  RIDE  DYNAMICS 
RELATIONS  FOR  SELECTED  VEHICLES 

1.  Mobility  evaluations  given  in  the  main  report  were  based  on 
predictions  made  with  the  AMC  Ground  Mobility  Model  (AMC-71),  of  off-road 
performance  of  the  several  vehicles.  Because  of  the  large  number  of  vehi- 
cles involved  and  the  short  time  available  for  their  evaluation,  it  was 
necessary  to  use  as  input  to  AMC-71  ride-speed  limits  for  each  vehicle  as 
a function  of  surface  roughness;  these  imputs  were  computed  by  a simpli- 
fied ride  dynamics  simulation.  In  recognition  of  possible  inaccuracies 
incurred  by  use  of  the  simplified  dynamics,  adjustments  were  made  to 
calculated  ride-speed  limit  curves  for  a number  of  standard  military 
vehicles  for  which  relatively  reliable  experience  factors  were  available. 
Where  such  experience  guidance  was  unavailable,  computed  values  were  used 
directly. 

2.  Study  of  overall  speed  predictions  by  AMC-71  for  off-road  and 
on  secondary  roads  and  trails  shows  that  ride-speed  limits,  in  general, 
control  operational  speeds  of  some  one  half  of  travel  distances  in  second- 
ary road  and  trail  operations  and  in  off-road  operations  in  the  West 
Germany  and  Arizona  transects.  Predicted  overall  speeds  are  accordingly 
sensitive  to  the  relative  accuracy  of  assigned  ride-speed  limits.  Whereas, 
as  discussed  in  the  main  report  (paragraph  5.2.2),  the  influence  of  ride- 
speed  errors  in  overall  projected  speeds  off-road  is  attenuated  by  (es- 
sentially) the  total  complexity  of  the  off-road  situation,  the  influence 
of  the  errors  on  secondary  road-speed  predictions  is  relatively  direct 
(paragraph  5.2.6).  In  addition,  on  secondary  roads  ride  speeds  over  rela- 
tively minor  roughness  (as  compared  to  many  off-road  surfaces)  become  con- 
trolling, and  the  simplified  ride  dynamics  modeling  appears  least  reliable 
in  the  low  range  of  roughnesses  (up  to  about  1.5  RMS). 

3.  In  recognition  of  the  importance  of  ride-speed  inputs  to  the 
overall  mobility  evaluation,  a two-week  field  program  was  conducted  during 
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July  1972  in  which  five  commercial  vehicle*,  ranging  from  a 1/4-ton  truck 
to  a 5-ton  tractor  with  12-ton  trailer,  were  ride-tested  over  four  courses 
varying  in  roughness  from  0.5  to  2.2  in  RMS.*  Ten  available  military 
vehicles  covered  in  the  initial  study  were  run  at  the  same  time  to  check 
the  adequacy  of  the  empirical  corrections  used  in  the  study  for  this  group 
of  vehicles  (see  Table  1-1).  Tests  were  run  using  a v-ride  meter  recently 
developed  by  TACOM  to  measure  directly  the  vertical  power  abaorbtlon  at 
the  driver’s  seat  during  operation. 

4.  From  the  results  of  tests  of  each  vehicle  over  each  course  at 
several  speeds,  experimental  6-watt  ride-level  curves  were  established  for 
all  15  of  the  vehicles  involved.  Ride-speed  limits  for  each  vehicle,  read 
from  smooth  curves  through  the  experimental  points,  are  given  in  Table  1-1, 
along  with  similar  values  representative  of  those  used  in  initial  evalua- 
tions. Those  vehicles  whose  calculated  ride-speed  limits  ns  used  in  the 
main  study  were  adjusted  by  an  experience  factor  are  indicated,  and  places 
where  original  values  differ  from  measured  values  by  more  than  2 mph  and 
more  than  50  percent  are  underlined . 

5.  Except  for  the  values  for  the  XM410,  which  was  included  in  the 
study  solely  as  a reference  vehicle,  ride-speed  limits  used  in  evaluating 
those  military  vehicles  for  which  experience  adjustments  were  possible 
are  considered  close  enough  to  meuuured  values  thnt  overall  on-  and  off- 
road speed  predictions  as  presented  in  the  main  report  may  be  generally 
accepted.  Ride-spted  limits  assigned  for  these  vehicles  appear  to  have 
been  slightly  higher  than  measured  values,  however,  except  in  the  case  of 
the  M813.  Limits  assigned  to  the  M818  tractor  with  M127A1C  trailer  are 
also  in  good  agreement,  even  though  no  experience  adjustment  was  made. 

6.  On  the  other  hand,  ride-speed  limits  assigned  to  the  commercial 
vehicles,  as  was  suspected  ut  the  time  the  main  report  was  prepured,,  differ 
significantly  from  measured  values.  The  lighter  commercial  vehicles  were 
assigned  values  that  appear  too  high;  the  heavier  vehicles,  values  that 
appear  far  too  low. 


* N.  R.  Murphy,  Jr.,  and  A.  S.  Lessern,  "Bern  li-Mark  Field  Tests  of  Vehicle 
Site  Dynamics  (Unpublished). 
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7.  In  view  of  the  results  in  relation  to  the  commercial  vehicles, 
the  commercial  vehicles  for  which  measurements  were  available  were  rerun 
in  AMC-71  on  roads  in  the  West  Germany  transect,  and  In  all  three  off-road 
transects.  For  even-handed  comparison  with  the  commercial  1-1/4-ton,  the 
M71SE1  was  also  rerun  using  the  measured  ride-speed  values.  V^Q  and  V^0 
results  are  summarized  in  Table  X-2,  and  on-road  speeds  in  the  West  Germany 
transect  in  Table  1-3,  in  each  case  along  with  the  corresponding  values 
from  the  original  evaluations.  Results  for  all  aiar  vehicles  in  cross- 
country operations  in  Thailand  ware  unchanged  because  of  the  high  per- 
centage of  soft-soil  and/or  obstacle  No  Go's  experienced,  and  they  are  not 
shown.  (No  Go's  were,  of  course,  unaffected  by  the  change  in  ride-speed 
limits.) 

8.  based  upon  these  results,  it  appears  that  VgQ  and  V2  speeds  tor 
the  consuercial  vehicles,  the  M715E1  ia> various  configurations,  and  the  XM410 
should  be  reassigned  as  given  in  Table  1-4.  (Original  values  in  Table  10 
should  be  used  to  compare  the  M715E1  and  the  XM705.) 


1-3 
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CoirparisGn  of  Measured  Vehicle  Ride  vith  Values  Dsed  In  Original  Evaluation 


Revised  Off-Road  Speeds 
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ADDENDUM  II 


EVALUATION  OF  ADDITIONAL  VEHICLED 

1.  At  the  request  of  the  WHEELS  Study  Group,  three  additional  commercial 
vehicles  were  evaluated  during  August  using  AMC-71,  os  follows! 

Item  Ho,  Vehicle 

55  1/4-ton,  4x4  utility  truck  (85  in,  WB) 

56  Expcri mental  5-8  ton  0x8  cargo  truck 

57  22-1/2-ton  8x6  tractor  truck,  with  MY 4 7 heavy 

equipment  transporter 

2.  Principal  churucteristics  of  these  three  vehicles  in  the  format 
of  Table  y of  the  main  report  are  given  in  Table  11-1,  Detailed  vehicle 
input  information,  in  the  format  of  thas.  given  in  Appendix  C,  it  given  in 
Tabled  11-2  through  11-8. 

3.  Because  of  the  unusual  features  of  vehicle  50,  and  of  the  known 
criticality  of  dynamics  behavior  to  AMC-71  speed  predictions  in  the  three 
study  transects,  6-watt  ride-upoed  und  2.5-g  obntaclu-crossing  speed  limits 
for  this  vehicle  were  determined  experimentally  iri  tests  conducted  at 

Camp  Huberts,  Calif.,  during  August.  These  values  wore  used  in  the  AMC-71 
predictions. 

4.  Hide  dynamics  for  vehicle  55,  whoue  suspension  and  mass  con- 
figuration clouuly  resembles  that  of  the  M38A1  1/4-ton,  were  assumed  to  be 
Ksimilur  to  those  for  the  M3UA1.  Dynamic  speed  limits  for  item  55  were 
accordingly  mude  similar  to  values  measured  for  the  M3BA1.  ltynamic  speed 
limitu  for  item  57  wore  assumed  to  be  similar  to  those  for  the  other  two 
vohlclois  in  its  weight  class  evaluated  in  tbo  main  study  (items  47  and  48), 

5.  Speed  and  No  Uo  predictions  for  the  three  added  vehicles  were 
made  using  AMC-71,  Off-road  und  on-road  predictions  were  again  made  for 
the  West  Germany,  Thailand,  und  Arizona  transects, 

6.  AMC-71  predictions  have  been  incorporated  (as  Category  13,  Additional 
Vehicles)  in  Tubles  10  and  11  of  the  main  report  und  in  the  revised  ranking*! 
given  in  Tables  19-24, 
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Value.  of  Vehicle  Chatacterletlca  Uaad  In  AMC-71  Ground  Kohllitv  Modal 


Vehicle  Qiaracterlitlca 


Diana- 

Vehicle  Ho. 

Mo, 

Idantlllcatloa 

•Iona 

liL 

l 

CH 

1 

Vehicle  typ«  (MVXU  - 0 for  trucked  and  1 for  viMMilod) 

— 

1 

l 

2 

Groaa  vfahlcla  Might 

klpa 

3.23 

32.6 

177 

3 

Track  type  (MR.  “ 0 for  uoafleidbla  and  1 for  flexible) 

in* 

*A 

VA 

KA 

4 

Orouaar  height  for  trackej  nuabar  of  tlraa  for  vhaalad  tlra  ply  racing 

- 

4 

8 

24 

S 

Tlra  ply  .ting 

- 

6 

12 

11 

6 

Croaa  ratad  boraapowar 

bhp 

71 

225 

523 

7 

Nuabar  of  people  In  valvlc la  on  noraal  alualon 

- 

2 

3 

3 

8 

Winch  capacity  (uaa  0 for  no  winch) 

klpa 

0 

0 

0 

9 

Nuabar  of  tracka  or  tlraa 

— 

4 

« 

24 

10 

Nuabar  of  aalaa 

— 

2 

4 

a 

11 

Vablcla  width 

in. 

64 

96 

120 

12 

Vablcla  laugch 

Id. 

136 

299 

663 

13 

Track  width  or  luminal  tlra  width 

In. 

7 

16 

18 

14 

Wheel  rla  diaaatar 

in. 

16 

20 

22.3 

15 

Bacoaaandad  tlra  praaaura  (highway) 

pal 

23 

45 

90 

16 

■acuaaaodad  tlra  praaaura  (croaa-country) 

pal 

20 

12 

45 

17 

Araa  of  uua  track  ahoa  (tracked)  or  nuabar  of  wbaala  (whaalcd) 

, 2 
la. 

4 

a 

24 

18 

Nuabar  of  hoglaa  (tracked)  or  chain  indicator  wbaelad  (0  » no  chalna, 
1 “ chalna) 

— 

0 

0 

0 

19 

Haxiauu  vr.'tlcal  a tap  the  vehicle  can  cllab 

In. 

— 

... 

— 

20 

Vehicle  ground  claaranca  at  tha  cantar  of  greateat  whaal  epan 

la. 

13 

34 

27 

21 

Hlnlaua  vehicle  ground  claaranca 

in. 

9 

15 

11 

22 

Near  end  clearance  (vertical  claaranca  of  vehicle  trailing  edge) 

la# 

10 

32 

40 

23 

Vehicle  departure  angl* 

dag 

42 

65 

82 

24 

Vortical  claaranca  of  vablcla* a loading  odgo 

In. 

IB 

22.3 

32 

25 

Vehicle  approach  angla 

dag 

47 

55 

43 

26 

Length  of  trnck  cn  ground  or  wheel  diaaatar 

in. 

30 

52 

46 

27 

height  of  vehicle  puahbar 

In. 

IS 

41 

32 

28 

Dletauca  between  firrt  and  laat  wheel  cantar  lleea 

In  a 

85 

208 

197 

29 

Horizontal  diatanca  fron  tha  cantar  of  gravity  to  tha  front  whaal 
cantar  liooa 

in. 

45 

108 

75 

30 

Vertical  diatance  froa  tha  center  of  gravity  to  tha  road  whaal 
cantar  llnaa 

In. 

10 

32 

20 

31 

Haxlaun  apatt  batvoon  adjacant  whaal  cantar  llnaa 

in. 

85 

102 

77 

32 

Angle  between  a line  parallel  to  tha  ground  eurface  and  tha  Una  con- 

dag 

HA 

MA 

MA 

nacting  tha  center  of  gravity  and  tha  canter  of  the  raar  wheel  (road 
wfaMl  or  ldlar).  Tha  whaal  la  the  one- uaad  to  determine  dapartura 

angle 


(Continued) 
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Cl  of  3 ahaata) 


Table  II-2  (Ctgtlnwi) 


Vahlcla  Characteristics 


Mo. 

ldantiflcttloa 

Timam- 

aloma 

55 

*L 

37 

31 

Distance  from  tha  c«t«  of  gravity  to  the  center  of  the  raar  wheal 
(road  wheal  or  idler) . Tha  wheal  la  tha  ooa  uaad  to  determine 
departure  angle 

la* 

tu 

MA 

MA 

34 

Vertical  dlatanca  f real  tha  ground  to  tha  cantor  of  tha  raar  whaal 
(read  wbaal  or  idlar) 

in. 

14 

22.3 

21.4 

33 

Track  thickness  plua  tha  radlua  of  tha  raar  wbaal  (read  wbaal  or  Idler). 
The  whaal  la  tha  ooa  uaad  to  detaraioi  departure  angle  (wheeled  « MU). 

la. 

14 

22.5 

21.4 

34 

lolling  radlua  ol  tlra  or  eprockat  pitch  radlua 

In. 

14 

22,5 

21.4 

37 

Weight  of  rigid  point  uaad  to  datanloa  approach  angle 

In 

18 

34 

32 

38 

Maximal  braking  forca  tha  vahlcla  davalopa 

— 

o.e 

0.1 

0.1 

19 

Loaded  whaal  radlua 

In. 

14 

22.3 

21.4 

40 

Total  ground  contact  araa 

in.2 

HA 

MA 

MA 

41 

Dlatanca  vahlcla  apans  bafora  significant  notion  baglna 

In. 

15 

26 

23 

42 

Maw Inun  fores  tha  puehbar  can  withstand 

klpa 

3.25 

12.4 

02.1 

41 

Marina  aria  load/graaa  vahlcla  weight 

— 

0.5 

0.23 

0.25 

44 

Vahlcla  rolaa  horsapowsr  par  too 

hp/tou 

44 

13.6 

5.9 

43 

Transmission  type  (0  - automatic;  1 - manual) 

— 

* 

0 

0 

44 

Pinal  driva  gaar  ratio 

— 

4.27 

6.40 

3.73 

47 

Pinal  urlva  gaar  efficiency 

-- 

0.9 

0.9 

0.9 

48 

Nuabar  of  gear#  In  transmission 

— 

6 

10 

6 

49 

Gaar  ratio*  for  transmission 

_ 

Sen 

table  U-3 

50 

Trauamlaslon  efficiency 

0.9 

0.9 

0.9 

51 

Gaar  ratio  from  angina  to  torque  converter 

- 

MA 

NA 

HA 

52 

Danutas  praaonce  of  a torque  couvartsr  lockup  (Ho  " 0,  Vaa  • 1) 

— 

Ml 

HA 

NA 

53 

input  torque  at  which  tba  torque  converter  ourvee  were  maaaurad 

— 

Ml 

NA 

MA 

54 

Number  of  point  pairs  in  array  TNE1  (sea  iesm  55) 

— 

Ml 

MA 

MA 

55 

Array  c detaining  torque  couvsrtar  input  spaad  versus  convartar  torqua 
ratio  curva 

— 

Ml 

NA 

HA 

54 

Number  of  point  pairs  in  array  TTM  (aaa  Item  57) 

— 

Ml 

Ml 

NA 

57 

Array  containing  torque  converter  torqua  multiplying  coefficient 
versus  converter  speed  ratio  curve 

— 

Ml 

NA 

NA 

58 

Number  of  point  pairs  In  array  TTk  (aaa  ltse  59) 

— 

10 

17 

14 

59 

Array  contalnlug  net  engine  torqua  versus  angina  speed  curva 

— 

3a# 

table  11-4 

40 

Nuabar  uf  point  pairs  in  array  V00B  (see  item  61) 

— 

30 

26 

30 

61 

Array  containing  vehicle  velocity  versus  obstacle  height  at  2.3-g 
virtlcal  acceleration 

“ 

Sea 

table  U-3 

62 

Nuabar  of  points  in  array  VRXDK  (mhi  ltaa  63) 

-• 

7 

7 

• 

63 

Array  containing  ride  dynamics  versus  spaed  curva 

— 

has 

table  11-6 

64 

Vahlcla  mining  spaad 

m>h 

0 

0 

0 

65 

Vahlcl*  fording  npead 

mph 

2 

2 

2 
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TabU  1 1-2  (Concluded) 


Vehicle  Qiarscteriatics 


No. 

Identifies..!,  on 

Diasa- 

eions 

55 

56 

57 

66 

Auxiliary  water  propulsion  factor  (0.5  • Ho,  0.8  - Yes) 

— 

0.5 

0.5 

0.5 

67 

Ingress  svaap  angle  of  the  vehicle 

deg 

60 

60 

60 

68 

Folding  depth  or  draft  height 

la. 

21 

65 

25 

69 

Been— rpjed  tire  preesure  (sand) 

p«i 

15 

7 

15 

1^0< 
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Table  1 1-3 


Transmission  Gear  Ratios  Used  for  Self-Propelled  Vehicles 
Vehicle  Characteristic  Number  49  In  Table  II-2 


Vehicle 

No. 

Gear 

Ratios 

for  Traiuamission 

55 

8.22 

3.8 

3.34 

2.46 

1.55 

1.0 

56 

11.18 

8.04 

4.98 

3.58 

2.91 

2.09  1.93  1.39  1.39  1.0 

57 

4.00 

2.68 

2.07 

1.35 

1.04 

0.69 

Table  11-4 


Tractive  Force-Spcjd  or  Engine  Speed-Engine  Torque 
Re latlons  for  Vehi cle  Characteristic  No.  59  in  Table  II-2 


Vehicle  Number 

55 

56 

57 

Engine 

Engine 

Vehicle 

Tractive 

Vehicle 

Tractive 

Speed 

Torque 

Speed 

Force 

Speed 

Force 

rpm 

ft- lb 

mph 

lb 

mph 

lb 

800 

115 

0 

25,000 

0 

55,000 

1200 

115 

1.5 

21,000 

2.0 

54,964 

1600 

115 

2.5 

17,300 

3.1 

46,099 

2000 

115 

4.0 

12,000 

3.8 

37,233 

2400 

112 

5.0 

10,400 

5.3 

28,369 

2800 

108 

7.5 

7,000 

8.2 

19,503 

3200 

103 

10.0 

5,000 

10.0 

16,312 

3600 

96 

12.5 

4,000 

17.3 

10,638 

4000 

88 

15.0 

3,300 

20.0 

9,574 

4 '.00 

80 

20.0 

2,250 

30.0 

6,915 

25.0 

2,000 

40.0 

5,851 

30.0 

1,750 

50.0 

4,610 

35.0 

1,600 

58.0 

1,773 

40.0 

1,500 

58.0 

0 

45.0 

1,250 

50.0 

1,200 

55.0 

1,000 

55.0 

0 
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Table  I I- 5 


Obstacle  Height-Speed  Relations 

for  Vehicle 

Characteristic 

No.  61 

in  Table  I 1-2 

Vehicle  Number 

55 

56 

57 

Obstacle 

Vehicle 

Obstacle 

Vehicle 

Obstacle 

Vehicle 

Magnitude 

Speed 

Magnitude 

Speed 

Magnitude 

Speed 

1 

131.2 

1 

88.4 

2 

74.6 

2 

131.2 

7 

88.4 

3 

74.6 

5 

58.3 

8 

67.7 

4 

42.0 

4 

32.8 

9 

53.5 

5 

26.9 

5 

21.0 

10 

43.3 

6 

18.6 

6 

14.6 

11 

35.8 

7 

13.7 

7 

10.7 

12 

30.1 

8 

10.5 

8 

8.2 

13 

25.6 

9 

8.3 

9 

6.5 

14 

22.1 

10 

6.7 

10 

5.2 

15 

19.3 

11 

5.5 

11 

4.3 

16 

16.9 

12 

4.7 

12 

3.6 

17 

15.0 

4.0 

13 

3.1 

18 

13.4 

x4 

3.4 

14 

2.7 

19 

12.0 

15 

3.0 

15 

2.3 

20 

10.8 

16 

2.6 

16 

2.0 

21 

9.8 

17 

2.3 

17 

1.8 

22 

9.0 

18 

2.1 

18 

1.6 

23 

8.2 

19 

1.9 

19 

1.5 

24 

7.5 

20 

1.7 

20 

1.3 

25 

6.9 

21 

1.5 

21 

1.2 

26 

6.4 

22 

1.4 

22 

1.1 

27 

5.9 

23 

1.3 

22 

1.0 

28 

5.5 

24 

1.2 

24 

0.9 

29 

5.2 

25 

1.1 

25 

0.8 

30 

4.8 

iS 

1.0 

26 

0.8 

40 

4.8 

27 

0.9 

27 

0.7 

28 

0.9 

28 

0.7 

29 

0.8 

29 

0.6 

30 

0.7 

30 

0.6 

40 

0.7 
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Tab la  I 1-6 


Ride-Speed  Relations  for  Vehicle  Characteristic  Ho.  63  in  Table  I 1-2 


Vehicle  Vehicle 


No. 

55 

No. 

56 

RMS 

SPD 

RMS 

SPD 

in. 

mph 

in. 

mph 

0 

60 

0 

58 

0.2 

60 

0.2 

58 

0.75 

23 

0.5 

32 

1.0 

14 

1.0 

28 

1.7 

7 

2.0 

11 

3.0 

5 

3.0 

4 

9.0 

3 

8.5 

2 

Vehicle 
No.  57 
RMS  SPD 

in.  mph 

0 58 

0.2  58 

0.5  28 

1.0 
2.0 

3.0 

4.0 

9.0 
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Table  XI- 7 


Speed  Limits  Used  In  Study,  mph 


Vehicle 

Speed 

Limit 

Recommended  Towed  Speed 
from  TACOM  Data  Shectu 

Dynamic  Speed  Limits 
Used  la  Vehicle 
Data  File 

No.' 

Vehicle  Name  mph 

Off  Roud  On  Road 

Off  Road 

On  Road 

55 

Category  1 
4x4  Commercial  65 

: 1/4-ton  Payload 

60 

60 

56 

(85  in.  Wheelbase) 

Category  6 or  7 
8x8  Experimental  58 

: 5-  to  8-ton  Payload 

58 

58 

Commercial 

Category  10:  22-1/2-ton 

Tractor  with  52-1/2-ton 

Trails*)' 

57 

8x6  Commercial/M747  40 

36 

40 

40 
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Table  11-8 


Vehicle  Characteristics  Used  In  Dynamics  Submodels 


Vehicle  Number 


No. 

Identification  Dimensions 

55 

56 

57 

1 

Ride  Dynamics  Submodel 
Number  of  axles  — 2 

4 

4 

2 

Sprung  mass 

eluge 

86.6 

758 

2440 

3 

Sprung  mass  divided  by  two 

sluge  2 

43.3 

379 

J 220 

4 

Moment  of  inertia 

slug -ft. 

720 

38,400 

33,602 

5 

Moment  of  inertia  divided 

slug- ft 

360 

19,200 

16,801 

6 

by  two 

Locution  of  front  axle 

ft 

3.9 

9.0 

9.8 

7 

relative  to  C.G. 
Location  of  second  axle 

ft 

-3.17 

4.16 

4.75 

8 

relative  to  C.G. 
Location  of  third  axle 

ft 

-4.31 

-1.6 

9 

relative  to  C.G. 
Location  of  fourth  axle 

ft 

— — 

-9.2 

-6.6 

10 

relative  to  C.G. 
Location  of  driver 

ft 

0,6 

10 

11.6 

11 

relative  to  C.G. 

Spring  constant  for  front 

Ib/ft 

2850 

9000 

12,475 

12 

axle 

Spring  constant  for  second 

lb/ft 

2850 

9000 

12,475 

13 

axle 

Spring  constant  for  third 

lb/ft 

— 

9000 

16,124 

14 

axle 

Spring  constant  for  fourth 

lb/ft 

— 

9000 

16,124 

15 

axle 

Damping  constant  for  front 

lb-sec/ft 

142.5 

75 

720 

16 

axle 

Damping  constant  for  second 

lb-sec/ ft 

170.5 

75 

720 

17 

axle 

Lamping  constant  for  third 

lb-sec/ft 

75 

720 

18 

axle 

Damping  constant  for  fourth 

lb-sec/ft 

— 

75 

720 

19 

Obstacle  Dynamics  ! 
Total  load  on  front  axle  lb 

Submodel 

1365 

8620 

15,550 

20 

Bump  stop  height  pluB  1/3 

in. 

7.58 

14 

9 

21 

of  tire  section  hi  Lght 
Total  effective  sp  Ing 

lb/in. 

475 

1500 

2060 

22 

rate,  front  axle 
Wheelbase 

in. 

85 

218 

137 
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VEHICLE  MOBILITY  ASSESSMENT 


FOR 

PROJECT  WHEELS  STUDY  GROUP 


APPENDIX 

A: 

APPENDIX 

H: 

APPENDIX 

c: 

■ — 1 
3 

D: 

APPENDIX 

E: 

APPENDIX 

F: 

ENVIRONMENTAL  DESCRIPTION  OF  MOBILITY  TRANSECTS 
TERRAIN  AND  ROAD  DATA 
VEHICLE  DATA* 

SAMPLE  OUTPUT  LISTINGS 

OFF-ROAD  MOBILITY  PROFILES  FOR  AREAL  TERRAIN** 
FACTOR!)  CONTROLLING  SPEED** 


* Origjual  ini>uta.  Sec  Addendum  1 for  revised  uyruunic  eharae Leri alien , 
Addendi'n  II  for  character!  alien  of  additional  veil  idea . 

**  Reviuiona  ami  addillona  not  included. 
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APPENDIX  A:  ENVIRONMENTAL  DESCRIPTION  OF  MOBILITY  TRANSECTS 


1 . WEST  GERMANY 

I . 1 UioaJLi  on 

The  tranaect,  located  in  the  Boutheuaturn  auction  of  Wool  Germany 
(fig.  Ala),  la  bound  by  the  Pol  lowing  map  coordinate!! : latitude  ^9°  02* 

to  k9°  Of  North,  mid  longitude  B°  d!i'  to  9°  22'  eatst.  The  trunuuct  ia 
d luu  wide  and  RP  km  long.  Several  air  photon  of  the  area  within  the 
trunaeet,  Located  uu  ohown  in  fig.  A8u,  arc  given  In  i’lgu . Ada,  A3b , and 
A Sc. 

I . I’tiyn  I ogruphy 

Tn*'  truimect  iu  .located  in  the  Bavarian  Plateau,  which  1u  a 
r.i.ii'hly  ' l'l 'a  ,{ul  ar  region  covering  moat  of  uouihern  Germany,  T'liu  average 
>'.l"V'iU*  a at  . V i < eant  *n*l  ■/!'  He  t ran  nee  t la  nhoiit  TP*  m,  and  at  the  weat 
* ml  aLiout  .Lb'*  ii,  giving  a relief  of  about  190  m.  The  trannect  in  eroaued 
f I'*  iu  'U'.h  l.  i north  by  the  Hckar  River,  a tributary  of  i.he  Rhine  River. 

!*.;i.'  t ■ if  the  rl  v**r,  I he  ni'i'a  la  moutly  hilly  with  the  hi  l la  rapped  with 
U'lhilni.oP*'  uii’l  rPiin  by  r.luil*;.  Gome  r-ee ti our  of  the  hlMy  nren  are  rugged, 
b'P  for  Mu'  part,  tin*  ' erruin  in  rolling,  W * ■ : i ' of  l.h < ■ river,  th"  area 

ir,  i ab I *■ ; till , v/l i i * ■ h eonalrtu  mor-bly  of  umluJ  a 1. 1 ng  to  gently  undulating 
t"rr*iJn  u.  ;•  rl.alti  primarily  by  1 inientone . 

1 . ■>  Prig  mgi-way:' 

Tin'  Ib'i'kar  Hlv*  i'  in  l be  main  river  in  the  area.  Several  umullur 
I'Iv'I'l;  and  a fremmi  orlgjiint'*  in  or  eruaa  the  triuiuect  at  vurioun  anglea. 
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Flat,  Harrow  terraces  uro  frequently  found  along  the  river  and  stream 
banka,  Dome  streum  channels  have  been  modified,  and  the  bankB  may  have 
man-made  structures  to  protest  against  erosion. 

1 . b Do  1 1 LI 

The  soils  are  mainly  residual  with  clays  and  silts  developing 
from  the  olmleu  and  limeuloneu.  Isolated  patches  of  alluvial  Bands  and 
gravels  ure  found  uluug  former  stream  courses.  Deposits  ol‘  loess  are 
••-■uuiionly  found  adjacent  to  the  Ncekur  lliver. 

1 . b Land  use 

About  TO  percent,  of  the  area  in  the  transect  is  used  for  agricul- 
ture with  grii  In  the  principal  crop.  Pasture  lands  h r< - common.  The  higher, 
uilLy  lands  and  sumo  of  Uu  buttumlunds  arc  used  for  forest,  but  in  some 
(Illy  urea.:,  vineyards  are  falrLy  common  on  the  hillsides  und  are  associated 
a’! 1 h 'Man- -mud' • l,"rr'ieer. . 

I . 0 Weather  and  climate 

Long-term  monthly  eaLufTiJ!  and  mean  temperature  data  for  CLuttgurt, 
which  i ::  In  the  vicinity  of  the  study  area,  are  shown  in  t'Lg.  A1!  a.  It.  can 
In-  seen  that  Ui"  rainfall  Is.  fairly  evenly  d I s tri  hu  >.ed  throughout  the  your, 
ranging  from  •'  ti  t in.  per  math,  with  the  heavier  amounts  occurring 
during  the  summer  season.  The  rainfalJ  amounts  and  distribution  would 
indicate  Mia'  excess  i ve  i l wei  id  a/',  would  a<d,  occur  "xci.pt  La  the  low-lying 
areas.,  Veis  fairly  high  soil  s r<ngth  would  exist  most  of  the  time  in  areas 
with  reasonable  surfuec  drainage.  The  mean  monthly  temperature  pattern  is 
typical  of  temperate  climates,  with  an  increase  in  menu  temperature  from 
.lanuary  to  duly  or  August  an  I then  a decrease  to  December. 
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The  lon^.-term  maximum  enow  depth  by  month  in  the  area  of  the 


transect  is  aa  fol.l own: 


Month 


Depth v in. 


The  anew  cover  rarely  remains  on  the  ground  more  than  two  or  three;  days, 
except,  during  December , January,  and  February,  when  it  may  remain  for 
periods  of  one  to  three  weeks.  During  this  time  the  aver age  snow  depth 
i..  generally  Lens  than  4 In. 

1 , 7 Hoad  net. work 

A fairly  well-developed  network  of  primary , secondary,  and  trail- 
ty | e roads  exist  in  the  area.  Many  trull -type  roads  occur  throughout  the 
count  ry.sJde. 

J . 'j  Towns  and  villages 

Several,  towns  and  villages  are  located  inside  the  t. vanned.  the 
j riii"! pul  ones  being  Kirehlvim  tun  Neckur,  (lemmrighcim,  Honnigl.elm,  and 
Iw  1 het;. 

. THAI  LAM. 

i ‘ . 1 ! x.i" at. Ion 

The  transect. , located  Lti  the  south  central  part  of  ThailuuJ 
(fig.  Alb),  in  bound  i>y  tin;  following  map  coordinates:  latitude  1 h°  It' 

to  l4°  44  • north  and  longitude  10(1°  ' to  100°  t>4 ' east..  TTie  t.runnect 
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is  3 km  wide  and  53  km  Jong.  Several  air  photos  of  the  area  within  the 
transect,  located  as  shown  in  i'ig..A2b,  are  given  in  figs.  A5a,  A5b,  and 
A5o . 

:? . 2 Phy;:  lography 

The  transect  lies  within  the  Bangkok  Plain,  which  consists  of 
alluvial  sediments.  The  Bungkok  Plain  lies  within  the  Central  Valley, 
which  is  one  of  the  principal  physiographic  regions  in  Thailand.  Hear 
the  coast , the  Bangkok  Plain  is  ubout  120  km  wide,  and  at  the  northern 
>*nii,  which  in  about  :.’0U  km  from  the  coast,  it  is  about  60  km  wide.  Little 
relief  is  found  in  the  urea.  In  the  northern  end  (about  8 Ism)  of  the 
transect  , t. hi • floodplain  lies  slightly  above  4o  m,  and  the  southern  half 
less  than  :.'j  rn.  In  the  southern  half  of  the  transect  three  small  islands 
vulcanic  hilis  occur  where  the  elevation  ranges  from  30  to  60  km  above 
' h"  | lain.  In  the  northern  end,  the  hills  rise  to  200  to  300  m above  the 
plair,.  Tin*  hi  1 Is  liuve  steep  slopes  and  contain  limestone.  Except  for  the 
hi  Li  areas,  Ui"  transect  is  generally  level. 

:.'.s  l>rnl  manways 

The  Pa  .'.uk  Hivor,  a tributary  of  the  Chaophrayo  River,  crosses 
eh  ' i"u;aee ;'"om  '•as'  to  west.  ut  about  20  lun  south  of  (.he  north  end. 

Largo  and  smail  canals  ami  streams  cross  the  transect  at  various  locations. 
A I l streams  aid  canals  ar>*  us«rd  for  irrigation. 

. ' . a Co  1 1 n 

Beginning  at  the  south  end  of  the  transect  and  extending  about 
it)  km  northward,  fat  alluvial  clays  are  found.  Continuing  northward  from 
this  point  and  extending  northward  for  38  km,  the  soils  are  alluvial  lean 
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clays  with  some  occurrences  of  fat  clay.  Continuing  northward,  the  soils 


for  the  next  2 km  are  calcareous  'ays,  From  this  point  to  the  northern 
end  of  the  transect,  the  land  is  hilly,  and  the  soils  are  residual  formed 
from  limestone  and  igneous  rock. 

2. t Land  use 

Most  of  the  land  in  the.  transect  is  used  for  growing  rice,  which 
is  flooded  during  the  growing  season.  The  lands  used  for  rice  cultivation 
are  crossed  by  many  dikes,  ranging  from  10  to  20  in.  in  height.  Gome  small 
areas  are  elevated  for  growing  vegetables  and  sugar  cane.  The  hills  are 
covered  with  trees  and  brush.  Trees  are  also  found  along  the  banks  of  the 
I'a  Gak  River  and  of  some  of  the  larger  streams. 

2 . O Weal, her  and  climate 

Til”  long-term  ruin fall  and  mean  temperature  data  recorded  for 
l/jpburi  arc  shown  in  fig.  Mh.  The  rainfall  increases  steadily  “rani  about 
1 in.  in  January  to  about  li  in.  in  September  and  then  decreases  through 
December.  During  the  growing  season  (May-Geptember ) the  rice  fields  are 
flooded,  causing  the  soils  to  remain  soft  during,  this  period.  From  November 
to  March,  r L ■ in  not  cul*  ivu'.ed , anJ  Ur.-  rainfall  Is  such  that  the  vice 
fields  becom”  firm.  The  range  in  variation  in  menu  monthly  temperature 
is  fairly  small,  with  th”  lowest  tempera  Lures  occurrinr  in  liovemlnr, 
December,  anJ  January. 

2 . Y Hoad  network 

Tile  road  network  is  not  too  well  developed  in  the  area  of  the 
transect.  Gome  primary  arid  secondary  roads  are  found,  but  the  heaviest 
density  occurs  in  trail-type  roads.  During  the  wet  season,  problems  are 
encountered  it.  traveling  on  trail-type  roads. 
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2.8  Towns  and  villages 


The  principal  towns  and.  villages  in  the  area  are  Ban  Kaho  Yai, 

Ban  Phu  Khai,  Ban  Mai,  Ban  Hin  Kong,  Nang  Phra  Vang,  and  Amphoe  Nong  Khai. 

3.  ARI/'OIIA 

3.1  location 

The  Arizona  transect  is  located  in  southwestern  Arizona  (fig.  Ale). 
It  is  V-shaped,  r.nd  its  boundaries  ire  described  in  fig.  A2c.  The  transect 
is  3 km  vide,  and  the  southern  boundary  of  the  lower  leg  is  36  km  .long  and 
the  outer  side  of  the  leg  lying  in  a northeasterly  direction  is  10  km  long. 
Lh/veral  air  pohtos  of  the  area  within  the  transect,  locuted  an  shown  in 
fig.  A,’.:,  are  given  in  figs.  A6a,  A6b , and  A6c. 

3 . Physiography 

The  transect  is  locuted  in  the  section  of  the  Basin  and  linage 
physiographic  province  known  ns  the  Sonoran  Desert.  Most  of  it  is  located 
on  u broad  alluvial  upron  that  has  developed  along  the  southern  and  western 
sides  of  Castle  Dome  Mountains.  The  western  end  of  the  transect  (apex) 
lies  on  the  western  flank  of  a lurge,  relatively  flat  hill  (Put  Hill),  which 
rises  about  120  ft  above  the  regional  slope  of  the  apron  and  causes  a change 
in  the  pattern  und  direction  of  the  regional  drainage  system.  About  6 km 
from  the  north  end  of  the  t,ruri„ect,  a cluster  of  hills  rise  abruptly  above 
the  general  surface  ol‘  the  apron.  The  uurl’u>  . of  the  apron  on  which  the 
transect,  is  located  is  generally  level,  but,  some  sections  of  the  north  and 
east  ends  of  the  transect  are  hilly. 
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3 . 3 Drainagew ays 


The  alluvial  apron  j s drained  by  many  branching  and  braided  ephem- 
eral washes.  The  larger  washes  have  broad  steep-sided  channels  from  less 
than  3 ft  to  occasionally  over  25  ft  deep.  Locally,  the  drainage  pattern 
is  almost  parallel;  the  washes  cross  the  transect  generally  in  a north- 
south  direction,  with  the  drainege  flow  in  a southerly  direction.  Castle 
Dome  wash  is  the  main  drainage  feature  in  the  transect  crossing  the  western 
end  in  a north- to-south  direction.  This  wash  runs  into  the  Gila  River. 

3 . Soils 

The  soils  are  mixtures  of  alluvial  sand,  gravel,  and  silt.  Theii 
composition  and  texture  are  largely  a function  of  their  source  or  origin 
and  their  distance  from  the  source.  Bouldery  and  gravelly  materials  are 
found  close  to  the  mountain  sources  in  the  alluvial  fans  and  in  drainugeways . 
The  finer  alluvia  are  depositeu  in  the  lower  parts  of  the  aprons.  A desert 
pavement  consisting  of  pebbles  occurs  on  undisturbed  apron  surfaces.  Under- 
neath the  pebble  surface  cover,  silt  and  sand  mixtures  are  found,  in  the 
western  section  of  the  transect,  the  surface  is  undulating  and  contains 
sandy  material  and  a sparse  growth  of  desert  vegetation.  Micro  dunes  are 
found  in  this  area. 

3 . 5 Land  use 

The  transect  is  lcoated  ori  the  Yuma  Proving  Ground  used  for  military 
testing  activities.  Palo  verde,  ironwood,  creosote  bush,  and  hycium  comprise 
the  dominant  vegetation. 
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3 • b Weather  and  climate 


The  long-term  monthly  rainfall  and  mean  temperature  data  for  Yuma 
are  shown  in  fig.  A4c . August  is  the  only  month  in  which  more  than  0.5  in. 
if'  rainfall  occurs.  The  rainfall  for  the  other  months  ranges  from  about 
0.1  to  0.4  in.  April,  May,  June,  and  July  are  the  driest  months.  The 
mean  temperature  pattern  is  bell  shaped,  with  the  highest  temperature 
o>.  .‘urring  during  tilt:  Juno-to-September  period  and  the  lower  temperatures 
•'vcurring  during  the  fall  and  winter  months.  Dii Terences  in  seasonal 
rainfall  are  so  small  that  soil  strengths  remain  essentialiy  unchanged. 

3.Y  Hoad  network- 

The  density  of  various  types  of  road  networks  is  very  small  in 
M’.c  area.  This  is  dictated  largely  by  the  type  of  land  use.  Most  of  the 
region  is  used  as  weapons  impact  areas,  which  are  crossed  by  trail-type 
roads  only. 

■i . Towns  and  villages 

M : towns  or  villages  occur  in  the  transect,  nor  arc  there  any 
towns  £‘  villag'-s  near  the  area.  Yuma,  Arizona,  is  the  principal  city 
1:.  U-..'  ar-ru 
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Fig.  Al.  Geographic  location  of  mobility  transects 


Fig.  A3t>.  Air  photo  of  West  Germany  transect  - middle  section 


Fig.  A5h . Air  photo  of  Thailand  transect 


Fig.  A5c.  Air  photo  of  Thailand  transect  - north  section 


Fig.  A6a.  Air  photo  of  Arizona  transect  - east  section 


AI’l’KNl)  1 X B : TKKRATN  ANT)  ROAD  DATA 


1 1 1 1 s appendix  contains  the  off-road  terrain  and  on-road  data  used 
a>  input  data  in  riodolinp,  mobility.  The  off-road  terrain  data  consist 
ot  de  si  i ipt  i on:;  tor  areal  and  linear  terrain  n.  its. 

L.  Al'j.A]^  id_.Th\ljl_ 

Hie  terrain  fartor.,:  and  terrain  factor  classes  used  to  describe 
areal  terrain  units  an*  riven  in  table  Bl.  Obstacle  geometry  terms  are 
deli  tied  in  table  D2.  Tables  B3,  HR,  and  B5  present,  the  data  in  terms  of 
class  tor  each  factor  for  West  dermanv,  Thailand,  and  Arizona  transects, 
topper t i ve 1 v . 

' . UM  AH  Hddb\lN 

t ; i 1 inear  i < * rain  data  (streams)  used  in  this  study  are  Riven  in 
i .ii  le  t'.’i  lor  the  West  tiortnanv  traverse  onlv.  Table  h7  defines  the  terrain 
tins  1 intlar  data  were  not  available  for  the  Thailand  and 

. • i ;u  hi  a l r.ivr’  • i'.i  , 

<.  i n.\i'  i 'AT A 

! 1 1 • : a.t.!  factors  .and  road  factor  classes  used  to  describe  primary, 

■ , e r .»  • ! it  " , an1  irlal-tvpe  road  units  are  p i von  Jn  tunic  I’d.  Tables  B‘> , 

1 , ami  if  1 1 rIvo  the  road  data  in  terms  of  c lass  for  each  factor  for 

■ : . . ■ i - 1 . Thai  land,  and  Arizona  road  samples  within  the  traverses. 


Table  SI 

“Train  Factors  and  Terrain  Factor  Classes  Used  to  Describe  Areal  Terrain 


1.  Obstacle  approach  angles  (AA) . The  angle  formed  by  the  inclines 
at  the  base  of  a positive  or  top  of  a negative  vertical  obstacle 
that  a vehicle  must  sense  in  surmounting  the  obstacle. 

2.  Obstacle  base  width  (WQB^.  The  distance  across  the  bottom  of  the 
obstacle. 

Obstacle  spacing  (VOS) . The  horizontal  distance  between  contact 
edges  of  vertical  obstacles 

Obstacle  vertical  magnitude  (VOM) » The  vertical  distance  from 
the  base  of  a vertical  obatacle  to  the  crest  of  the  obstacle. 

Obstacle  length  (VOL),  The  length  of  the  long  axis  of  the  obstacle. 
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table  Hi! . 


Dot  Ini  Lion  oi  obstacle!  geometry  terms 


Table  B3  (Continued) 
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Terrain  Data.  Used  for  West  Germany  Traverse  Predictions 
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Table  B7 

lly  d ro  log!  c Geometry  Te  rms 


2>j  fiorcntlql  Bank  Height  (BO)  - The  differenc  U . i.-lwaMm  of  the 
f> . banka . 

. '■lijiiij.1:*  :ilSJl!2  iHiLi  I;|,A)  ” H'*-’  n«if>le  f otinnci  hv  l he  bounding  Incline 
it  the  i oi  of  the  hydrologic  feature.  The  angle  la  measured  with 
. espect  to  the  horizontal. 

Vator  Depth  (WD)  - Maximum  depth  of  water  ‘ channel. 

Water  Width  (RW)  - The  width  of  the  utrearn  i.t  wuuir  level 
Water  Velocity  (WS)  - The  maximum  velocity  of  watsr  ,J;i  a chtmvl 
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10 

CO 

CD 

o 

CD 

CO 

CO 

CD 

CO 

CD 
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O 

0 

JO 
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.o 

o 

:0 
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O 

.0 
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rH 
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APPENDIX  C:  VEHICLE  DATA 


Data  required  for  each  vehicle  as  input  to  the  AHC-71  mobility  model 
are  contained  in  the  following  tables: 

Table  Cl  - Values  of  vehicle  characteristics  used.  In  this  table, 

the  vehicles  are  identified  by  numbers  as  given  in  table  10 
or  table  C7 

Table  C2  - Transmission  gear  ratios,  vehicle  characteristic  No.  49 
in  table  Cl 

Table  C3  - Torque  converter  characteristics,  vehicle  chararteristica 
Ho.  55  and  57  in  table  Cl 

Table  C4  - Tractive  force-speed  or  engine  speed-engine  torque  relations 
vehicle  characteristic  No.  59  in  table  Cl 

Table  C5  - Obstacle  height-speed  relations,  vehicle  characteristic 
No.  61  in  table  Cl 

Table  C6  - Ride-speed  relations,  vehicle  characteristic  No.  63  in 
table  Cl 


Table  C7  - Maximum  speed  limits  used  in  study 

Table  C8  - Vehicle  characteristics  used  in  dynamics  submodels 


Vehicle  Characteristic 


No, 

Identification 

Dimen- 

sions 

i 

2 

3 

4 

6 

“7 

1 

Vehicle  type  (NVEH  = 0 for  tracked  and  1 for  wheeled) 

— 

i 

1 

1 

1 

1 

1 

1 

2 

Gross  vehicle  weight 

kips 

3.2 

4 

3.2 

4 

4.3 

5.2 

4. 

3 

Track  type  (NFL  = 0 for  nonflexihle  and  1 for  flexible) 

in. 

HA 

NA 

NA 

HA 

NA 

NA 

NA 

4 

Grouser  height  for  tracks;  number  of  tires  for  wheeled  tire  ply  rating 

-- 

4 

4 

4 

4 

6 

6 

6 

5 

Tire  ply  rating 

— 

6 

6 

6 

6 

6 

6 

6 

6 

Gross  rated  horsepower 

bhp 

71 

111 

71 

111 

71 

in 

71 

7 

Number  of  people  in  vehicle  on  normal  mission 

— 

2 

2 

2 

2 

2 

2 

2 

8 

Winch  capacity  (use  0 for  no  winch) 

kips 

0 

0 

0 

0 

0 

0 

0 

9 

Number  of  tracks  or  tires 

— 

4 

4 

4 

4 

6 

6 

6 

10 

Number  of  axles 

— 

2 

2 

2 

2 

3 

3 

3 

11 

Vehicle  width 

in. 

64 

70 

64 

70 

64 

70 

61 

12 

Vehicle  length 

in. 

133 

165 

133 

165 

236 

268 

2; 

13 

Track  width  or  nominal  tire  width 

in. 

7 

6 

7 

6 

7 

6 

7 

14 

Wheel  rim  diameter 

in. 

16 

1 6 

16 

16 

16 

16 

li 

15 

Recommended  tire  pressure  (highway) 

pci 

23 

45 

23 

45 

23 

45 

2; 

1*5 

Recommended  tire  pressure  (cross-country) 

psi 

20 

20 

20 

20 

20 

20 

2 

17 

Area  of  one  track  shoe  (tracked)  or  number  of  wheels  (wheeled) 

in.2 

4 

4 

4 

It 

4 

4 

4 

18 

Number  of  bogies  (tracked)  or  chain  indicator  wheeled  (0  = no  chains, 
1 = chains) 

-- 

0 

0 

0 

0 

0 

0 

0 

19 

Maximum  vertical  step  the  vehicle  can  climb 

in. 

-- 

— 

-- 

— 

-- 

-- 

20 

Vehicle  ground  clearance  at  the  center  of  greatest  wheel  span 

in. 

12 

12 

12 

12 

12 

12 

1 

21 

Minimum  vehicle  ground  clearance 

in. 

9 

9 

9 

9 

9 

') 

S 

22 

Reai  end  clearance  (vertical  clearance  of  vehicle  trailing  edge) 

in. 

18 

17 

18 

17 

18 

17 

1 

23 

Vehicle  departure  angle 

deg 

37 

26 

37 

26 

37 

26 

1 

21 

Vertical  clearance  of  vehicle's  lead , ng  edge 

in. 

1.3 

18 

18 

18 

.18 

18 

] 

25 

Vehicle  approach  angle 

deg 

66 

43 

66 

43 

66 

43 

( 

Length  of  track  on  ground  or  wheel  diameter 

in. 

30 

28 

30 

28 

30 

28 

27 

Height  of  vehicle  pushuar 

in. 

18 

18 

18 

18 

18 

18 

28 

Distance  between  first  and  last  wheel  center  lines 

in. 

85 

100 

85 

100 

85 

100 

i 

29 

Horizontal  distance  from  the  center  of  gravity  to  the  front  wheel 
center  lines 

in. 

45 

50 

45 

50 

45 

50 

‘ 

30 

Vertical  distance  from  the  center  of  gravity  to  the  road  wheel 
center  lines 

in. 

10 

10 

10 

10 

10 

10 

31 

Maximum  span  between  adjacent  wheel  center  li.es 

in. 

85 

100 

85 

100 

85 

100 

32 

Angle  between  a line  parallel  to  the  ground  surface  and  the  line  connect- 
ing the  center  of  gravity  and  the  center  of  the  rear  wheel  (road  wheel 
or  idler).  The  wheel  is  the  one  used  to  determine  departure  angle 

deg 

NA 

NA 

NA 

NA 

NA 

NA 

33 

istance  from  the  center  of  gravity  to  the  center  of  the  rear  wheel  f road 
wheel  or  Idler).  The  wheel  is  the  one  used  to  determine  de- 
parture ancle 

in. 

t!A 

NA 

NA 

NA 

NA 

NA 

34 

Vertical  distance  from  the  ground  to  the  center  of  the  rear  wheel 
'road  wheel  or  idler) 

In. 

14 

13 

14 

13 

14 

13 

IK -71  (Irouiid  Stability  Model 


— . 

Vehicle  Number 


'1  :> 

23 

94 

Bsm 

2 * 

27 

~w~ 

29 

30 

11 

32 

33 

mm 

3!i 

3' 

*7 

39 

40 

41 

42 

ETi 

tx- 

1 

1 

1 

i 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 1 

9.8 

11.2 

),8 

18. 8 

14.5 

18.8 

24.5 

22.2 

20.2 

24. 

31.8 

25.2 

17.'.' 

31.8 

44. 5 

37,9 

30.? 

44.5 

1*3,2 

58.0 

■ l.S 

51.8 

58.9 

•>j , 6 , 

NA 

HA 

:ia 

HA 

NA 

NA 

NA 

NA 

NA 

HA 

NA 

NA 

NA 

tIA 

NA 

ilA. 

NA 

NA 

HA 

MA 

NA 

NA 

ha 

MA  , 

6 

10 

6 

10 

12 

12 

8 

19 

lo 

8 

10 

10 

12 

10 

12 

12 

4 

14 

14 

14 

14 

14 

e 

8 

3 

Q 

10 

8 

8 

8 

<\ 

8 

12 

10 

10 

12 

12 

10 

10 

12 

10 

12 

12 

10 

12 

20  i 

140 

11" 

140 

140 

131 

140 

140 

140 

131 

140 

P "0 

Pin 

22^ 

pso 

? >,n 

210 

22  S 

250 

213 

2 50 

335 

230 

2 80 

300 

P 

2 

o 

O 

2 

2 

2 

2 

2 

ii 

2 

2 

2 

p 

2 

O 

2 

n 

* 

2 

2 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

p 

0 

0 

0 

n 

0 

0 

p 

(' 

10 

6 

r> 

12 

12 

A 

12 

10 

8 

10 

10 

12 

10 

12 

12 

14 

14 

14 

14 

14 

14 

3 

3 

3 

2 

3 

4 

4 

3 

4 

3 

It 

3 

3 

!i 

1; 

4 

4 

r\ 

5 

5 

i; 

>, 

P 

79 

05 

79 

9c 

90 

9c 

9- 

9c 

90 

> • 

*7 

95 

97 

97 

0 

05 

07 

108 

0 7 

07 

97 

97 

115 

35? 

352 

352 

254 

234 

2i  4 

424 

528 

394 

424 

301 

27-' 

244 

301 

805 

480 

4li8 

505 

375 

538 

489 

484 

•■38 

"7  4 

8 

o 

*3 

9 

8 

9 

9 

9 

8 

O 

11 

n 

9 

11 

11 

1' 

1 

ii 

18 

u 

11 

11 

11 

14 

10 

i-' 

A.'. 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

3 3 

20 

20 

20 

20 

24 

Co 

27 

0 

57 

70 

57 

87 

57 

70 

59 

75 

30 

70 

75 

75 

30 

70 

78 

40 

70 

70 

70 

70 

27 

27 

->7 

40 

1.0 

40 

40 

40 

40 

40 

33 

30 

30 

j v 

4‘» 

50 

'0 

3 1 

27 

V i. 

40 

40 

3 s 

27 

1. 

4 

10 

f-i 

10 

10 

10 

1.0 

10 

lo 

10 

10 

q 

10 

10 

4 

10 

10 

.10 

« 

4.S 

10 

o 

*) 

0 

0 

2 

0 

0 

0 

0 

n 

0 

0 

0 

0 

n 

0 

0 

0 

0 

0 

n 

0 

0 

-- 

«... 

18 

-- 

10 

-Ls 

18 

. . 

1H 

-- 

27 

- - 

. . 

-- 

27 

.. 

- . 

.. 

-- 

-- 

. . 

u 

1‘. 

'.i 

19 

13 

19 

19 

19 

13 

19 

23 

20 

22 

2 i 

2P 

22 

23 

23 

24 

18 

23 

0 . . 

8 

\ n 

11 

10 

11 

n 

1.1 

10 

11 

11 

12 

10 

11 

11 

12 

10 

11 

24 

12 

1.1 

11 

12 

i’ 

IP 

2- 

.2 

32 

y»“ 

32 

'<2 

32 

2* 

32 

27 

52 

28 

27 

27 

•v  > 

28 

£7 

31 

32 

<10 

30 

32 

i1? 

1.1 

: ? 

40 

25 

1(0 

40 

40 

25 

40 

32 

' 4 

42 

32 

Ju 

• '1 

42 

32 

37 

70 

75 

44 

70 

78 

15 

19 

■•5 

29 

18 

PI 

20 

29 

18 

•4 

38 

24 

0, 

34 

•>8 

24 

.34 

48 

52 

21 

.10 

<P 

43 

45 

:8 

48 

v' 

'i8 

4.8 

48 

3c 

48 

4- 

35 

5,; 

4- 

1 , 

4 

35 

48 

4" 

1 * 

!*r9 

7P 

3? 

54 

!2 

38 

38 

3» 

<8 

Vj 

'■ 

1.7 

44 

J 9 

44 

38 

4: 

< 1 

!»P 

1(2 

1(2 

lip 

15 

19 

l:. 

29 

1‘i 

99 

99 

29 

18 

;>  1 

-4 

38 

P\ 

A \ 

34 

.'4 

31, 

48 

32 

PI 

30 

ip 

43 

m 

12' 

131 

178 

151 

178 

178 

178 

151 

• • *vJ 

. ()■ 

29' 

l‘V« 

NO- 

po« 

188 

PO' 

23*3 

1.04 

177 

175 

104 

711 

B3 

81 

J3 

101 

109 

1.01 

101 

101 

109 

101 

1 01 

no 

103 

101 

101 

110 

101 

101 

7c 

87 

1 .1.4 

107 

87 

148 

13 

13 

1 5 

2 5 

t «; 

p 

P 

p rl 

p t; 

•->  1; 

1 ' 

19 

1 1 

l-.l 

19 

18 

19 

19 

11 

13 

.13 

1.3 

13 

18 

m 

120 

131 

190 

t i)i 

130 

130 

no 

151 

1 30 

152 

90 

1 38 

IS? 

1 32 

■10 

1.18 

1 1)2 

235 

140 

177 

1.7’ 

140 

151 

HA 

NA 

NA 

NA 

NA 

NA 

NA 

HA 

NA 

NA 

NA 

NA 

NA 

NA 

ilA 

MA 

NA 

HA 

NA 

HA 

NA 

NA 

NA 

:;a 

HA 

NA 

NA 

NA 

NA 

NA 

NA 

HA 

NA 

NA 

NA 

MA 

NA 

HA 

!IA 

HA 

NA 

IlA 

NA. 

NA 

HA 

NA 

NA 

NA 

15 

V 

’ !> 

18 

17 

18 

18 

18 

17 

18 

1 ' 

21 

18 

19 

1 - 

21 

18 

1.0 

3 3 

n 

1.0 

19 

LO 

73 

(5 


Vchj  cl  o Qharactcrlfltlc 


1 


Dimen  * 


No. 

identification 

r,  1 on  a 

1 

p 

3 

It 

8 

—J7~ 

35 

Track  thieknoau  plua  the  radlua  of  the  rear  wheel  (road  wheel  or  idler). 
The  wheel  la  the  one  need  to  determine  departure  nn/’le . (wheeled  RW) 

in. 

lit 

13 

lh 

13 

lit 

13 

3>' 

Rolling  radlua  of  tire  or  sprocket  pitch  radlua 

In. 

Ut 

13 

Hi 

13 

lit 

13 

37 

llul(.;ht  or  rlt’ld  point  uaed  to  determine  approach  an+'le 

in. 

13 

13 

18 

18 

18 

18 

33 

Maximum  brukinp:  l'orce  the  vehicle  develop:) 

— 

0.3 

0.8 

0.8 

0.8 

0.8 

0.8 

3<> 

Loaded  wheel  I'adluc 

in. 

11+ 

13 

11* 

13 

11+ 

13 

l+o 

Total  wound  ■.•ontaot  urea 

in." 

HA 

UA 

NA 

NA 

NA 

NA 

hi 

Diutunce  vehicle  apana  hei’oru  ali;ni flaunt  motion  beiflna 

In. 

15 

lit 

15 

lit 

15 

14  ■ 

l*1 

Maximum  l'orce  the  puahbur  cun  withutund 

kip  a 

3.1! 

It 

3.0 

It 

3.2 

u 

1+3 

Maxiimun  axle  loud /proud  vehicle  weight 

-- 

o,5 

0.8 

0.5 

0.9 

0.8 

0.5 

1+1+ 

Vehicle  rated  horaepower  per  ton 

hp  /ton 

iii  i 

85 

.Vi 

55 

33 

It  3 

1+5 

Truntsmiur.ion  type  (0  » automatic;  1 manual) 

-- 

1 

i 

1 

1 

1 

1 

If. 

Final  drive  pear  ratio 

-- 

lt.3<' 

it.  27 

I..81 

It. 27 

It.  81 

It. 27 

1+7 

Final  drive  pear  efficiency 

— 

0.9 

0.9, 

0.9 

0.9O 

0.9 

0.91: 

¥1 

’lumber  ol'  peuru  In  trariumluulon 

1+ 

i 

1+ 

1 

1, 

F 

1*9 

dear  rutloa  l'or  truiiamlnulori 

50 

Tranaml.ua Ion  efficiency 

0.9 

0.9 

0.9 

0.9’ 

0.9 

0.96 

51 

dear  ratio  front  unp.inu  to  torque  converter 

ha 

NA 

NA 

HA 

NA 

NA 

Denote.",  prunenru  ol'  a torque  converter  lockup  (tlo  0,  Yea  - l) 

NA 

NA 

IIA 

NA 

IIA 

IIA 

53 

Input  torque  at  which  the  tor  |ue  convertor  ourveu  were  measured 

NA 

NA 

IIA 

HA 

NA 

NA 

5lt 

Ilumhur  ol'  point,  pnlrt:  In  array  TUMI  (uec  item  55) 

NA 

IIA 

HA 

NA 

HA 

NA 

Array  containing  torque  converter  input  npeed  veraun  converter  torque 
ratio  curve 

NA 

IIA 

IIA 

NA 

NA 

NA 

[/' 

Mumher  ol'  point  palro  In  arruy  TTM  (uue  itum  57) 

NA 

NA 

NA 

NA 

NA 

NA 

57 

Array  contulnlni'  torque  converter  torque  multiplying  coefficient  vermin 
convertor  npuuil  ratio  curve 

NA 

NA 

HA 

NA 

NA 

NA 

5 H 

Numbor  of  point  pnlrt;  In  array  TTF  (no*?  iteta 

— 

19 

13 

19 

13 

19 

13 

5'J 

Array  eontainlni'  not  ciu'lne  tor  ;ue  veraun  imp  Inc  npeed  curve 

-- 

00 

.'Juinhur  of  point  pairs  In  array  V‘">M  ( set?  Jtem  <l) 

— 

23 

09 

23 

29 

23 

29 

■ 1 

Array  contain!  rip  vehicle  velocity  vernuo  ohntttcle  height,  at  2.5-lf  ver- 
tical acceleration 

““ 

1 2 
' i 

• lumber  of  polnta  in  arruy  Vldl'K  (uee  item  <3) 
Array  contulnlni’  j'lde  dynamics  vermin  upeod  curve 

" “ 

(| 

8 

(\ 

8 

9 

y 

Vehicle  awlmmlni’  npcc  l 

mph 

0 

0 

0 

0 

0 

0 

05 

Vehicle  ford  1 nr  apeed 

mph 

2 

p 

2 

2 

2 

2 

Oi 

Auxiliary  wntwr  propulsion  factor  • Ho,  0,8  Yen) 

-- 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

'7 

Itirrccn  Rwrunp  ’uwlu  ol’  the*  vutilelu 

dep 

00 

60 

00 

60 

00 

00 

< H 

Ford! nr.  ilepth  or  »lra ft  he Itfht 

in. 

111 

13 

21 

13 

21 

13 

> 9 

led  1 1 re  prunsmti;  ^nundi 

pul 

15 

15 

15 

15 

15 

15 

Dee  Tahir  • '). 


176 


Dimen- 

ijlomi 


UlOIU) 

1 

n 

'3 

I* 

*, 

r, 

7 

~s — 

0 

10 

11 

1? 

H3 

~ 1U~ 

19 

l7 

—7— 

18 

1.9 

80 

81 

28  J 

in. 

14 

13 

lli 

13 

l.li 

13 

Hi 

13 

n 

10 

10 

17 

19 

l.ft 

19 

17 

19 

17 

19 

18 

18 

14  J 

in. 

Hi 

13 

lit 

13 

Hi 

13 

14 

13 

n 

17 

!'■ 

17 

10 

18 

19 

17 

19 

17 

19 

18 

18 

19  { 

in. 

18 

1* 

18 

If! 

18 

Hi 

18 

18 

84 

24 

19 

20 

Op 

19 

10 

19 

19 

29 

22 

pp 

14  1 

-- 

O.y 

o.8 

o.O 

O.H 

(V* 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

0.8 

o.B 

0.8 

0.8  I 

in. 

1U 

13 

Hi 

13 

Hi 

13 

l4 

13 

11 

1* 

H ■ 

10 

19 

18 

19 

17 

19 

16 

19 

18 

18 

1.9  3 

in.' 

\h\ 

NA 

ha 

IIA 

IIA 

NA 

IIA 

NA 

NA 

HA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

HA 

NA 

in. 

14 

Hi 

13 

Hi 

V.' 

Hi 

19 

Hi 

12 

17 

17 

17 

19 

80 

17 

17 

17 

17 

13 

20 

20 

16 

klpL: 

'WJ 

l| 

3.." 

4 

3.8 

li 

3.2 

4 

'1 

7.o 

7.o 

8.4 

8.8 

9 

7 

8.4 

7 

8.4 

8.8 

9 

9 

7 

— 

0.9 

0.9 

0.9 

0.9 

0.9 

0.  9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

0.39 

0.9 

0.9 

0.9 

0.9 

0.9 

0.39 

0.34 

0,9 

hp  'ton 

1*8 

Vj 

Mi 

Vj 

33 

M 

3.3 

43 

14 

20 

Hi 

28 

30 

23 

40 

28 

40 

81 

28 

1.8 

17 

80  j 

-- 

1 

1 

1 

1 

1 

1 

1. 

1. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

-- 

U.1'1' 

4.87 

4.87 

4.27 

4.8' 

4.87 

4.  M 

4.87 

4.07 

9.83 

9.83 

9.87 

'M7 

9.97 
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Table  C3 


Tor  qua  Converter  Charactarlatlca  for 
Vahlcle  Charge  tar iatica  Mo.  55  and  57  in  Taile  Cl 


For  Characteristic  No. 

55.  Vahlcle  48 

Torqua  Converter 

Engine 

Spaed 

Spued  Ratio 

rpm 

0.0 

1900 

0.10 

1880 

0.10 

1860 

0.40 

1840 

0.4b 

I860 

0,52 

1880 

0.58 

1900 

0.70 

1950 

0.75 

1980 

0.80 

2020 

0.85 

2080 

0.90 

2110 

0.92 

2140 

For  Character in tic  No. 

57.  Vehicle  48 

Torque  Converter 

Torque  Converter 

Spuud  Ratio 

Torque  Ratio 

0.0 

2.610 

0.10 

2.340 

0.20 

2.150 

0.40 

1.750 

0.46 

1.626 

0.52 

1.519 

0.58 

1.390 

0.70 

1.226 

0.75 

1.147 

0.80 

1.068 

0.85 

0.981 

0.90 

0.956 

0.92 

0.933 
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Tabic  C6 


Ride-Speed  Relation  for  Vehicle  Character la tic  No.  63  In  Table  Cl 


Vehicle  Vehicle 


No. 

1,  3 

No. 

2,  * 

RMS 

SPD 

RMS 

SPD 

in. 

mph 

in. 

he! l. 

0 

60.0 

0 

60.0 

0.5 

60.0 

0.88 

60.0 

1.0 

32.0 

1.5 

25.0 

1.5 

15.5 

2.0 

18.0 

2.0 

8.0 

2.5 

7.0 

3.0 

5.0 

3.0 

6.0 

6.0 

2.5 

5.0 

3.0 

9.0 

1.0 

9.0 

2.0 

Vehicle 

Vehicle 

No. 

11 

No.  12.  16 

RMS 

SPD 

RMS 

SPD 

Id. 

«ph 

in. 

mph 

0 

30.0 

0 

60.0 

0.95 

30.0 

0.5 

60.0 

1.5 

10.0 

1.0 

30.0 

3.0 

4.0 

1.5 

13.0 

6.0 

2.0 

2.0 

7.6 

9.0 

0.7 

3.0 

4.0 

6.0 

2.0 

8.0 

1.2 

Vehicle 

Vehicle 

No. 

19 

No. 

20 

RMS 

SPD 

RMS 

SPD 

in. 

qpiL. 

in. 

mph 

0 

30.0 

0 

30.0 

0.92 

30.0 

0.9 

30.0 

1.0 

25.0 

1.0 

25.0 

2.0 

5.3 

2.0 

12.0 

5.0 

2.0 

3.0 

5.0 

9.0 

1.3 

5.0 

2.0 

8.0 

1.3 

Vehicle  Vehicle 


No. 

5.  7 

No. 

6.  8 

RMS 

SPD 

RMS 

SPD 

in* 

mph 

In. 

mph 

0 

30.0 

0 

30.0 

1.0 

30.0 

1.42 

30.0 

1.5 

15.5 

1.5 

26.0 

2.0 

8.0 

2.0 

18.0 

3.0 

4.6 

2.5 

7.0 

5.0 

2.5 

3.0 

6.0 

9.0 

1.0 

5.0 

3.0 

9.0 

1.9 

Vehicle 

Vehicle 

No. 

13 

No 

14 

RMS 

SPD 

RMS 

SPD 

in  v 

mph 

in. 

“£h_ 

0 

60.0 

0 

55.0 

0.48 

60.0 

0.5 

55.0 

1.0 

25.0 

1.0 

25.0 

2.0 

7.0 

2.0 

14.0 

6.0 

1.3 

3.0 

5.0 

8.0 

1.3 

5.0 

2.0 

8.0 

1.2 

Vehicle 
No.  21 

Vehicle 
No.  22,  24 

RMS 

SID 

RMS 

SPD 

in. 

m£h_ 

in  ■ 

mph 

0 

55.0 

0 

30.0 

0.5 

55.0 

1.12 

30.0 

1.0 

25.  ) 

1.5 

15.0 

2.0 

11.0 

2.0 

7.0 

3.0 

5.0 

3.0 

4.0 

5.0 

2.5 

5.0 

2.5 

8.0 

1.4 

9.0 

1.0 

Vehicle  Vehicle 


No. 

J 

No. 

10 

RMS 

SPD 

RMS 

SPD 

_i 

“PiL. 

in. 

“EL. 

0 

25.0 

0 

50.0 

0.26 

25.0 

0.5 

50.0 

1.0 

5.3 

1.0 

30.0 

2.0 

4.4 

1.5 

10.0 

5.0 

4.0 

3.0 

4.4 

8.0 

3.3 

6.0 

2.0 

8.0 

1.4 

Vehicle 
No.  15.  17 

Vehicle 
No.  18.  23 

RMS 

SPD 

RMS 

SPD 

in. 

mph 

in. 

mph 

0 

60.0 

0 

30.0 

0.5 

60.0 

0.96 

30.0 

1.5 

15.0 

1.46 

13.0 

2.0 

7.0 

2.0 

6.2 

3.0 

4.0 

4.0 

3.5 

5.0 

2.5 

6.0 

2.1 

9.0 

1.0 

8.0 

1.5 

Vehicle 
No.  25.  27 

Vehicle 
No.  26 

RMS 

SPD 

RMS 

SPD 

in . 

nph 

in,, 

mph 

0 

50.0 

0 

60.0 

0.5 

50.0 

0.1 

60.0 

1.0 

21.5 

0.5 

24.0 

1.5 

10.0 

1.0 

15.5 

2.0 

7.5 

2.0 

2.2 

3.0 

3.0 

3.0 

2.0 

4.0 

2.5 

9.0 

0.9 

5.0 

2.3 

7.0 

1.3 

9.0  1.0 
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Table  C6  (continued) 


Vehicle 

Vehicle 

Vehicle 

Vehicle 

Vehicle 

Ho. 

28.  31 

Ho. 

29 

No. 

30 

No. 

32.  35 

Ho. 

33 

RMS 

SPD 

RMS 

SPD 

RMS 

SPD 

RMS 

SPD 

RMS 

SPD 

in. 

mph 

In, 

aph 

In. 

aph 

in. 

aph 

in. 

aph 

0 

30.0 

0 

47.4 

0 

30.0 

0 

50.0 

0 

■Till- 

50.0 

0.48 

30.0 

0.5 

47.4 

0.45 

30.0 

0.1 

50.0 

0.5 

50.0 

0.50 

28.0 

1.0 

20.4 

0.5 

24.0 

0.5 

32.0 

1.0 

19.6 

1.0 

16.0 

1.5 

9.5 

1.0 

15.4 

1.0 

12.5 

1.5 

17.0 

2.0 

3.0 

2.0 

7.1 

2.0 

2.2 

1.5 

11.0 

3.0 

8.0 

3.0 

2.0 

3.0 

2.8 

2.0 

2.0 

2.0 

5.0 

6.0 

3.0 

9.0 

1.0 

4.0 

2.4 

9.0 

1.0 

3.0 

2.5 

S.O 

2.0 

5.0 

2.0 

5.0 

1.5 

7.0 

12 

8.0 

1.1 

9.0 

0.9 

Vehicle 

Vehicle 

Vehicle 

Vehicle 

Vehicle 

No. 

36,  39 

No. 

37 

No. 

38 

No. 

40 

No. 

41.  44 

RMS 

SPD 

RMS 

SPD 

RMS 

SPD 

RMS 

SPD 

RMS 

in. 

mph 

in. 

BP-ft. 

in. 

mph 

in. 

mph 

in. 

mph 

0 

50.0 

0 

50.0 

0 

0 

30.0 

0 

60.0 

0.15 

50.0 

0.50 

50.0 

0.14 

60.0 

0.8 

30.0 

0.2 

0.0 

0.50 

31.0 

1.0 

19.6 

0.5 

3.8 

1.1 

23.0 

0.4 

50.0 

1.0 

12.7 

1.5 

17.0 

1.0 

2.6 

1.5 

9.0 

0.7 

31.0 

1.5 

11.0 

3.0 

8.0 

9.0 

1.0 

3.0 

4.1 

1.0 

12.5 

2.0 

3.0 

3.0 

8.0 

2.2 

2.0 

3.6 

3.0 

9.0 

2.0 

3.0 

1.8 

5.0 

1.9 

4.0 

1.4 

9.0 

1.1 

8.0 

1.0 

Vehicle 

Vehicle 

Vehicle 

Vehicle 

Vehicle 

No. 

.-43 

No. 

45 

No. 

46 

No. 

47 

No . 

48 

RMS 

SPD 

RMS 

SPD 

RMS 

SPD 

RMS 

~SPD 

RMS 

SPD 

in. 

mph 

in. 

«ph 

In* 

mph 

in. 

mph 

in. 

mph 

0 

60.0 

0 

40.0 

0 

20.0 

0 

36.0 

0 

38.  C 

0.20 

60.0 

0.12 

40.0 

0.38 

20.0 

0.1 

36.0 

0.1 

38.0 

0.  5C 

17.0 

0.28 

32.0 

0.50 

4.0 

0.3 

17.0 

0.5 

11.8 

1.0 

3.9 

1.0 

3.9 

1.0 

2.4 

1.0 

6.0 

1.0 

6.3 

2.0 

2.2 

5.0 

1.0 

4.0 

2.0 

2,0 

4.0 

2.0 

4.2 

5.0 

1.2 

o.O 

0.5 

9.0 

0.8 

4.0 

2.3 

3.0 

4.0 

9.0 

1.0 

9.0 

0.8 

9.0 

0.8 

Vehicle 


No. 

34 

RMS 

SPD 

in. 

“2iL_ 

0 

60.0 

0.12 

60.0 

0.5 

4.0 

1.0 

3.0 

9.0 

2.0 

Vehicle 
No.  42 

RMS 

SPD 

in. 

mph 

0 

60.0 

0.2 

60.0 

0.5 

12.0 

1.0 

4.0 

2.0 

3.0 

3.0 

2.0 

9.0 

1.0 

Vehicle 
No.  49 

RMS 

SPD 

in. 

mph 

0 

60.0 

0.2 

60.0 

0.47 

60.0 

0.50 

39.0 

1.0 

16.8 

2.0 

9.8 

3.0 

8.1 

8.0 

3.0 
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Table  C6  (concluded; 


Vehicle 

Vehicle 

Vehicle 

Vehicle 

Vehicle 

No. 

50 

No. 

51 

No. 

52 

No. 

53 

No. 

54 

RMS 

SPD 

SMS 

SPD 

SMS 

SPD 

RMS 

SPD 

RMS 

SPD 

in. 

mph 

in. 

mph 

in. 

aph 

in. 

uph 

in. 

aph 

0 

37.5 

0 

60.0 

0 

60.0 

0 

60.0 

0 

50.0 

0.5 

37.5 

0.47 

60.0 

0.2 

60.0 

0.20 

60.0 

1.0 

50.0 

1.0 

15.0 

0.50 

39.0 

1.0 

12.0 

1.0 

19.5 

1.5 

23.0 

2.0 

6.3 

1.0 

16.8 

2.0 

6.0 

1.5 

11.0 

3.0 

14.0 

3.0 

3.5 

2.0 

9.4 

3.0 

5.0 

3.0 

6.0 

6.0 

12.0 

9.0 

2.0 

3.0 

8.1 

4.0 

3.0 

9.0 

1.0 

7.0 

3.0 

8.0 

3.0 

5.0 

3.0 

9.0 

2.0 

8.0 

2.8 

Vehicle 

Mo. 

RMS  SPD 
in.  mph 
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Tabla  C7 


Sneed  Llmlta  Dead  ia  Study,  »ph 


Dynamic  Spaed  Limit » 


Vahicla 

S pa  ad 

Limit 

Recommended  Towed  Spaed 
From  TACOM  Data  Shaata 

Uaed  in  Vahicla 
Data  Pile 

No. 

Vahicla  Nana 

„ mr>h 

Of  f-Rosd  On-Road 

Off-Road 

On-Road 

1 

H151A2  (4x4) 

Category  1: 
65 

1/4-ton 

Payload 

60 

60 

2 

4x4  Commercial 

— 

•— 

— 

60 

60 

3 

M151A2  (4x2) 

65 

— 

— 

60 

60 

4 . 

4x2  Couuarcial 

— • 

— 

— 

60 

60 

5 

M1S1A2  (4x4) /M416T 

65 

30 

50 

30 

50 

6 

4x4  Com./N416 

— 

30 

50 

30 

50 

7 

H151A2  (4x2)  /M416 

65 

30 

50 

30 

50 

U 

4x2  Con./M416 

•— 

30 

50 

30 

50 

9 

M274A2  (4x4) 

Cataiiorv  2: 
25 

1/2-tun 

Payload 

— 

— 

10 

M37U1  (4x4) 

Category  3i 
55 

3/4-ton  Pavload 

55 

55 

U 

M37U1  (4x4) /M101A1T 

55 

30 

55 

30 

55 

12 

Cutexory  4i 

M715L1  (4x4)  64 

1-1/4-ton  Payload 

60 

60 

13 

XM705  (4x4) 

66 

— 

— 

60 

60 

14 

M561  (6x6) 

55 

— 

— 

55 

55 

IS 

4x4  Coimuuroial 

— 

— 

— 

60 

60 

16 

M715L1  (4x2) 

50 

— 

— 

60 

60 

17 

4x2  Coimuuvcial 

— 

— 

— 

60 

60 

18 

M/15K1  (4x4) /M101A1 

64 

30 

55 

30 

55 

19 

XM705  (4x4)/H101Al 

66 

30 

55 

30 

55 

20 

M561  (6x6)/M101Al 

55 

30 

55 

30 

55 

21 

M561  (6x6) /M102H 

55 

10 

— • 

55 

55 

22 

4x4  Cuiu./MIOIAI 

— 

30 

55 

30 

55 

23 

M/ 15111  (4x2) /M101A1 

64 

30 

55 

30 

55 

24 

4x2  Cum. /M101A1 

— 

30 

55 

30 

55 

(Continued) 
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Table  C7  (Continued) 


Vehicle 

Speed 

Limit 

Recommended  To wad  Speed 
From  TACOM  Date  Sheet# 

Dynamic  Spaed  Llmite 
Deed  in  Vehicle 
Date  File 

No. 

Vehicle  Name 

Off-Road  On-Road 

Off-Road  On-Road 

Category  Si  2-1/2-ton  Payload 


25 

M35A2  (6x6) 

SO 

— 

— 

so 

SO 

20 

4x4  Commercial 

— 

— 

— 

60 

60 

27 

M35A2  (6x4) 

50 

— 

— 

50 

50 

28 

M35A2  (6x6) /M105A2 

50 

20 

SO 

20 

50 

2¥ 

H15A2  (6x6)  /Ml 0211 

50 

10 

— 

50 

50 

10 

4x2  Com. /M105A2 

— 

20 

50 

20 

50 

31 

M15A2  (6x4) /M105A2 

50 

30 

so 

30 

50 

Category  6: 

5-ton 

Payload 

12 

MS 13  (6x6) 

52 

__ 

32 

52 

1) 

M656  (8x6) 

SO 

— 

— 

50 

50 

14 

6x4  Commercial 

— 

— 

— 

60 

60 

15 

MU 13  (6x4) 

52 

— 

— 

52 

52 

30 

MU  11  (6x6) /M114A1 

52 

— 

— 

52 

52 

37 

M656  (UxU) /Ml 14A1 

50 

— 

— 

50 

50 

36 

6x4  Cum. /12, 700# 

— 

— 

— 

60 

60 

3y 

MU 11  (6x4)/ 12, 700# 

52 

— 

• “ 

52 

52 

Category  7: 

B-ton 

Payload 

40 

M520E1  (4x4) 

30 

— 

— 

30 

30 

Catugurv  Si 

5-ton  Trector 

with 

12-ton.  4-Whe«l 

Trailer 

41 

MU  18  (6x6)  /MJ.27A1C 

52 

20 

50 

20 

50 

42 

6x4  Coiu./M127A1C 

— 

20 

50 

20 

50 

4 1 

6x4  Com. /Ml 2/A1C 

— 

20 

50 

20 

50 

44 

M81U  (6x4) /M127A1C 

52 

20 

50 

20 

50 

Category  9 : 10- tun  Tractor 

with  25-ton, 

4-Wheel 

Trailer 

45 

M12JA1C  (6x6) /M1/2A1  44 

20 

30 

20 

30 

46 

6x4  Cum. /M172A1 

20 

30 

20 

30 

Category  10  j 

22-1/2-ton  Tractor  with 

52-1/2-ton 

Trailer 

47 

XM/46  (8x8) /H747 

36 

36 

36 

36 

48 

8x4  Com. /M74/ 

— 

36 

36 

36 

(Continued) 
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Table  C7  (Concluded) 

Dynamic  Spend  Limits 


Vehicle 

Speed 

Unit 

Raceme1  ended  Towed  Speed 
From  TACOH  Data  Sheete 

Used  in  Vehicle 
Data  File 

No. 

Vehicle  Name 

mph 

Off -Road  On-Road 

Off -Road 

On-Road 

49 

Hi  13  (Trucked) 

Category  11: 
40 

Reference  Vehicles 

60 

60 

50 

M54U  (Trucked) 

39 

--  — 

37.5 

37.5 

*>1 

M6UA1  (Trucked) 

30 

— 

60 

60 

5.! 

M3UA1  (4x4) 

71 

— 

60 

60 

53 

M151A1  (4x4) 

6S 

— — 

60 

60 

54 

XM410  (UxU) 

55 

— — 

50 

50 

t 


i 
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APPENDIX  D:  SAMPLE  OUTPUT  LISTINGS  ] 

i 

i 

i 

This  Appendix  includes  a complete  sample  of  output  listings  for  the  \ 

performance  of  the  M3t>A2  2-l/2-ton„  6x6  cargo  truck,  as  follows: 

Table  D1  - in  areal  terrain  for  West  Germany  traverse,  wet  season 
Table  D2  - in  areal  terrain  for  Thailand  traverse,  vet  season 
Table  1)3  - In  areal  terrain  for  Arizona  traverse,  wet  season 
Table  - In  linear  terrain  for  West  Germany  traverse,  wet  season 
Table  DU  - On  road  for  West  Germany  traverse,  wet  season 
Table  DC  - On  road  for  Thailand  traverse,  wet  season 
Table  Iff  - On  road  for  Arizona  travex'se,  wet  season 
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Arizona  Vet-Season  Off-Road  Speed  Predictions  for  K35A2  2-1/2-Ton,  6x6  Cargo  Truck 


M * * * irt  w ¥VW*  mn  **  WUm*  mni#*m\m*uv  «*■*,**  «*;***  jr\  r*  in  uvui  uJi#*  m v*  ^ u*  trJ  if*  m*  **  w*  wt  irJ  to  to  mi  «*  t*  mum  it* 


► Ui  M*  tfvtrv  tf\  tf«  tft  IfttfV*  tfvmWMM  (4*  tf*  UYMS  *1  lfSAlAM|A  (f*M*MV(f4l4*«*M*M»|4*ftiMijft*M*M*  WtA^VtMMWMWVlwMW 

e!  ; ! : 1 i ;■  . ! I 

w : i I J I , 

o^m  tfvto  v>  u>  .<  m w m vi'w  u<  » ■v«'  uvm  v>m«wmMitinii^iiMMiniiMny\uimAWinintfi«t|inin«s«\w  tni*  u.  lit  «\ 

S ! ■ 1 , , . I ; I I 1 


tti|?»Lr  ft  Ift  ft 'ft  ft  ft  *•  ft  w ft  ft  ft  ft‘w  M.M  hi  iv  iv  »v  *J iv  t*Jf*i  ift  rv  «J  *4  »J*s  »i  h 


1 I 


*4  M r#  **j 


0-  *~  1 1 'I 

u *■♦  1 , 

« / N IM  W N 1*4  ('4  N IU  N W N W (V  N IU  O'  tk  li*  * l*  * »’U  O (ft  ft  ft  ft  ft  ft  i»  ft  ft  ft  ft  ftl  ft  ft  U*  U*  **  *i 

»»*!**>•►«*.**»  •>-*»<ii>h»J^UM»)>yyH«>'iiJ»N»kkakkitakt 

pt  ^ (4  «*4j«*4  14,04  14  4 tft  44  KMI'HM  4*4  ^ H^r(  W H «^«4^  H 44  H ^ 4H  *4)^  *4 

t »-  I 1 1 ' 1 I ' 1 

» , . : 1 ' I 

^ ^ 41  l'  M ftl  ft  1 » M HW  (4  h*  hi  4 <r  U*|l*4  4)  l«  h)  ift  ft  w(  W I*)  W * if  * If  < if*  ft  ftj  K fr  ■ h»  f • #■»  ft  ftlTl  ft  if*  ft  ,<4  4 if*  h-  |ftl  ft 

n u u\  u(  w >*  4*  4 «y  «i  >i  4)  41  k,mi  wL  i>  i*  tft|i»  i«  14  tJf*  1*  r*  14  <1  14*4  •• « > ti  I*  i»  a>i«»t4  n v >4  u*  wi'wt  w**t'4  m \ 


111  LIU*  UN  MN  ta'N  4b  <44  44  «U  «U ' «4J  44  I *4  ft  44  K,«i  hU  Ih  l»  ^ (4>,t'l  11)14  M(i  Ul't  I4li  i|  u >MI  I J n it  mi  *N  n « V 

•'■  *«h*  • ,»*>[»  «i  *W|»  ft  .■»  ft  Ift  ft,  ft  ft  ft  ft,ft  ft  ft  4 1 * ftift  ft  ft  »nf  ft 


4 14  LI  W«4(NK  f 1 h*'h#  nw  H • 


Who  «ft  ft  4*4  14  VMIH  H 


• W hi  ft  1 ih  * I **  4 4»  41  (ft  I »«\4  U Ml  ft.  (V  UN  h-  «4  Ml  h o*  ft  (4  w U*  1 • imft  ft  44  t>*  N t •><  hi  h>  (V  ft  in  hi  »v  tft  • I m*  hi  *u  H'  **  ft  **-j 
ft  ft  l\  14*  ft  hi  *•  UN  ft  »4  H tf»  <«  • W (4  ft»  MN  14  tft  «ft  «W  ftft  III  kt»tn«>  *4A  V » Mi  « «i  « h «(  +4 if  (>TN  ft-  «•  hi  UtfWN  M 4>  K|  41  . 

«*'  • * M4  4*4  t4  04  *-4  ftNHftftNftNKl  rt  «ft  -4  H»4  H N ft  hi  l^ftO  W ftNftNft(«4H  ft  «ft  J3 


*-(  I ft n W (ft  ft#  ft  ftl  tr  4*  (M  h>  ft  141  41  ft  «(  U*  »ft  *4  04  hi  ft  (ft  ftllft  «•  ft  *►  .4  »*Kh>  ft  10  4»|h*  «i  (h  I » *4  (ft  K»  ft  ft*  -*M  -4>  »•  M 
144  ft*  Ut  ft*  U'  U>  ft*  IM  UN  «1  ft.  fti  «4I  U 41  41  4>  « ft  h h h h h K hl->  h h ft  WWIMi  HI  HHIIl  «i  «J  # <4  W U>  »,ll>  » IMM*  U Li 

• IftftftftftftftftftftMftftH  fft*ft*Hh4*4)H»4)*-lh4H»^ir4»4*»HT^  g 

• : I I U 

; , 1 I ' 


tu  ftL*  ftNiu*  ft* ' ft*  ft*  Lr*  ft*  ft*  u*  mu*  L u 


4 ft*  MN  ft*  ft*  Ml  MtjUt  MN|M*  M*|ln  (ftjftt  ft*l«*  ftN  U4  ftN  M*  ft*|ft*  UN  U'  II*  ft*  MN'MN  U*L«*  ft* [ft*  ft* III*  ft* L*  UN • 


vi  : • ■ , ! ' ! j i 

b i'uLn  VN  IINUnUI  ft*L*  ft*  U*  U>|M*  ft*  tIN  Ut  UN  ft*  ft*  ft*  ft*  ft*  ft*  ft*  ft*  ft*  ft*|ft*  ft*! ft*  ft*  II*  lr*|ft*  ft*  ft*  ft*  ftl  fti  ft*  ft*'«N  ft-  ft*  >1*  ft*  W*iftN  ftNMN  ft* 


44  II  ftl  ft*  ft*  UN  ft*  ft>  ft*  ft*  ||N  ft\|ftN  III  ft*  ftl  fti  U!,ftt  ftN  ft*  ft*  ftl  ft*|ft*  fti  UN  ftl  ftl  ft*  ft*  ftl  ftN  ftt  UN  ft*  ft*  ft*  ft*  ft*tfti  ft*(ftN  ft*  HI  ft*  ft*  ft*  ft*  ftl  I*  ftl 

s : t 1 . : : i . f 


iu  -»k*  k*  m*  ft*  w n bs  u*  v o»  |m  (Nft 


Ui  IN4  .4  .4  . t 


• 4 u»  k*  til  UI  H H(k»  Ui  4.#  U U l»  U k*Jlh  fth  ft»  I*  # ► ^ ftt  ft)  <4M(N  UN  Bl*  ft*  |||*  «*  Ml  ft 


-|l»  h If. 


• hi  h4  h*  Ift  (M  1*1  (ft  INI  (ft  (ft  (M  (ft  Ift  [ft  |ft,|ft  (ft  (ft  Iftilft  (N|  (ft  4ft  (ft  lftl(Vl  1ft  (ft  (*J|lft  (ft  (ft  Ift  Ift  4ft  (ft  (ft, 4ft  (ft  (ft  I ft  Nft  Ift  (ft  Ift  (ft  iftMftM 


^ ^»U*  MN  ft*  ftN  h»  in  m h»  m hljh-  WM  (ft  M IJUi  h f «I,«U  ^»U*  hi  4-tjr*  v»ji-4  »l  >4  *-4  *4  HIVW  h HMU  hi  I U K4  ft*  jO.  pi  4-Mft  h>  *r  | 

4)  I » Ift  Ift  ift  4ft  ( - 4*  IF  4 t 4 • r4  4rl  (ftllft  ift  Ift  ift  IM  Ift  (ft  (ft'lft  ift  (ft  ift  K>  h»|l‘t  hi V|  hi  h>  r»  h)  MtUil  L»  *4  |fti|M  h(  h»  W ■*  ft  W *♦  L(*  ft*  W ft* 

jr  ft  Ml  111  tfN  V#N  UN  m 141  Ml  ftt  fti  <41  >*i  ftl  «4>  ftl  ft)  '44  ftifti  44  >4)  ftl  HI  ftl  ft  * ft4'<«»  ftl  <41  ft*,ft(  t>  |t-  m «4  p|«0  Ml  Ml  m ft  P 4ft  m |p  m m>  mt 

ft*  ' 'I  , , ! 

ftl  h 1 ' 

o ft  II  40  ULia)  U H1UN  ifl  V «•  Kl  it  r|  «(  lIHrl  >4  «ft.M  *-*|«4  4-i  4t»  4#i4k«  0,4.4  «.*  ■ » k*4>  U'rlr-  ft  ftt  j Ml  MN  ft  ('»  4*4  1*4  «*4l«*l  «ft  rft  *ftl 


I fc#  U .-i  ft  114  I I 4 I »J  4 . . J *»  L4  U # n:n  u i I CJ.<»  O 1ft  ift  Ift  4ft|4.’»  *ft|4ft 


0 4*  ij  ift  I'fttht  414  1 1 • » Jm  < * 


ift  ift  «•  to uu  ift y»  i 


| , . 

►7  **  b>  ■*  » •*  *•*  04  ► K "*■*»■•  fU  ^ “v  tal  ft  . . (M  1*4  »*  ,#4  4 t (ft  4M  V 04  'ft  ft  L*  (U  h 4*  at  UN  ift  41  Mt  (%  !4N4  U rU  h-  ft  ft  fft  h»  <1  t»  U (ft  , 

-W  h r*J  ft  • l Ml  41*  ft  ».»  4l|  h*  o O I I I '4J  >*  r-t  hi  ft  •»!*  * ft  '4(  rl  rH  ft  (14  <Ol«4J  hi  r C|  h 141  L*  iv  |r*  f IV  ft  hi  MM  If*  ftl  *1*  O-  [V  P 1 

I*'  i « '»  O |I4  vi  rHlM  <H  «‘4^ii4(*4  W . 4 1*4  h|  |-**  *%  ,»«  T4  lift  w4  H 4N4 -hft  r4  r-t  IV  -ft)  ft4  4N4  *-4k*ii  h*  <4  1*4 

^ W i | ! I 

h * 1 I : 

»4  f*4  r»  ft  14*  •->-■•  o (1*4  1*4  *|  ft  II  oh  M * U|»4Nrt  H #*  ft  !••  *4  Wft  i>  '«  |V|*«4  ft  *41  Ul  (n  ft|  |#i  It  V)|V)  ■*»  ft  M*  ft)  r-.  p ft  H>  1 

O 4104-  Uli  ♦ t*  Ilf.  »(M  ft)  » I il  • I H ?!  ►)  *4  tUif-4  1*1  l'(  4*1  IV  ru  )V  1*1 1 (14  h»  hi  h|  hi  hi  hi  h>  hi  hi  'hi  ftftftftftfeftftft  ft  ft*  I 

r«  (ft  ft)  ftiirg  .(^  t4|H  M r*  ,1  , ( .4  ,4  .ft  ,«  r«.*M  ft«  *4  * * M,v«  «H  .«  ft#  ft*  Hl*4  «H  H ^ ift  ftl  .-4  ftl|fti  ft«  ft*  ft#  r#  *4j 

r 1 i i i III 

rjs<  1 


i 


(2  of  3 sheets) 


(3  of  3 sheet*) 


Table  D1* 


Wait  Germany  Wet-Seanon  Linear  Terrain  Prediction# 


Vehicle 


I1191A2  l/4-ton,  4x4  truck)  utility 

l/l -ton,  1x4  truck*  utility 

M191A2  l/l-ton,  4*2  truck,  utility 

1/4 -ton,  1x2  truck,  utility 

M191A2  l/4-ton,  4x2  truck,  utility 

1/4-ton,  4x4  truck,  utility,  w/M4l6 

M191A2  1/4-ton,  4x2  truck,  utility 

l/4-ton,  4x2  truck,  utility,  v/M4l6 

M2Y4a2  l/2-ton,  4x4  truck,  platform,  utility 

M3YH1.  3/4-ton,  4x4  truck,  cargo 

M3Y)'l  1-1/4 -ton,  4x4  truck,  cargo,  w/falOl 

MYl^l  1-1/4-ton,  4x4  truck,  cargo 

XM709  l-l/4-ton,  4x4  truck,  cargo 

M9<’il  l-l/4-ton,  6x6  truck,  cargo 

l-l/4-tan,  4x4  truck,  utility 

MYl'jlSl  l-l/4-ton,  4x2  truck,  cargo 

1-1/4-ton,  4x2  truck,  utility 

M71981  1-1/4 -ton,  4*4  truck,  cargo,  e/ki.01 

XM7Q9  l-i/4-ton,  4x4  truck,  cargo,  e/MlOl 

U'jCl  l-l/4-ton,  t‘X<>  truck,  cargo,  v/tolOl 

M96l  l-l/4-ton,  6x6  truck,  cargo,  w/M102 

l-l/4-ton,  4x4  truck,  cargo,  v/M101 

M7191S1  1-1 /4-ton,  4xi'  truck,  cargo,  v/M101 

1- 1/4 -ton,  4x2  truck,  cargo,  e/MlOl 
M39A2  2-l/P-ton,  6x6  truck,  cargo 

2- l/2-ton,  4x2  truck,  cargo,  (190  In,  Mb) 
M36A?  2-1/2-ton,  6x4  truck,  cargc 

( continued) 
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Mobility 

Hlver 

Crossing 

103.0 

30.1 

2.6 

113.0 

34.2 

2.4 

79.0 
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1.3 

76.0 

38.8 

0.8 

77.0 
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1.2 

103.0 

46.3 
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40.0 

44.5 

0.4 

43.0 

46.9 
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5*8.0 

70.5 

1.9 
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102.0 
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101.0 
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2 .7 

127  .0 
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4.0 

1.49.0 
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9.1 

92.0 

26.8 

2.1 

70.0 

13.8 
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(43.0 

W.O 

o.a 

94 .0 

16.0 

2 .9 

98.0 

13.8 

2.8 

117.0 

13.8 

3.4 

106.0 

13-8 

3.9 

C>7 .0 

90.6 

0.8 

60.0 

18.4 

0.8 

GO  .0 

93.2 

0.7 

100.0 

8.1 

3.6 

39 .0 

93-3 

0.9 

56.0 

11.6 
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Vehicle  Mobility  lng  Tim*  110 


28 

M39A2  P-l/2-ton,  6x6  truck,  cargo,  v/M109 

99.0 

13.9 

1.2 

29. 

M39A2  2-l/2-ton,  6x6  truck,  cargo,  w/HlOC 

62  .0 

13.9 

1.3 

30, 

2-1/2-ton,  1**2  truck,  cargo,  (190  in.  WB),  U/1M109 

33.0 

38.1 

0.3 

31. 

M39A2  2-1/2-ton,  6xU  truck,  cargo,  v/tel09 

1*9.0 

16.9 

0.7 

32. 

M813  9-ton,  *ix6  truck,  cargo 

89. 0 

7.6 

2.9 

33. 

9-ton,  3x8  truck,  cargo 

169.0 

3.2 

9.9 

31*. 

9-ton,  6x**  truck,  cargo 

1*9.0 

38.1 

1.1 

3';. 

M813  9- ton,  8x1*  truck,  cargo 

38.0 

11.2 

0.3 

3'>. 

M613  9-ton,  6x6  truck,  cargo,  v/kllb 

38.0 

13.0 

0.9 

37. 

M696  9-ton,  Bx8  truck,  cargo,  w/Mllt 

81.0 

10.0 

1.1 

38. 

9-ton,  6*1*  truck,  cargo , v/tr*iler* 

23.0 

93.7 

0.3 

39- 

MB13  9-ton,  truck,  cargo,  v/trailar* 

31.0 

19.8 

0.2 

1*0. 

M920K1  8- ton,  truck,  cargo 

1*7.0 

69.7 

0.9 

til. 

MBIO  9-ton,  6x6  truck,  tractor,  w/M127 

31.0 

19.1 

0.2 

i*a. 

9-ton,  *1*  truck,  tractor,  (192  in.  WU)*  u/Hl L27 

17.0 

1*6,8 

0.1 

1*3. 

9-ton,  6x1'  truck,  tractor  (190  in.  Wli),  w/M127 

28. 0 

9>'.0 

0.3 

!*)•, 

MBlB  9-ton,  t’xb  truck,  tractor,  v/K12Y 

30.0 

19.1 

0.2 

bit. 

M123A1C  10-ton,  6x6  truck,  tractor,  w/MU-’Y 

16.0 

19.1 

0.2 

»*6. 

10-ton,  xl'  truck,  tractor,  u/Min,  (ltt2  in.  WO) 

ll'.O 

63.9 

0.2 

It?, 

XMY1"’)  PP-l/B-tou,  BxB  truck,  tractor,  w/mY^Y 

28.0 

Y»'  .7 

o„e 

III). 

CP-l/P-tan,  flab  truck,  tractor,  v/M7*'Y 

19.0 

70,  a 

0.1 

I<9. 

W1131A1  l’eruonnal,  Full -tracked , Carritr 

11*9.0 

- 

7 .2 

9.2 

U*o  Mlll'lAl  i99m*fl  nowititwr 
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APPENDIX  E:  OFF-ROAD  MOBILITY  PROFILES  FOR  AKEAL  TERRAIN 


thin  appendix  present*  the  off-road  Mobility  profile*  for  the  vehicle* 
used  In  this  study  (figs,  El  - E54) . Each  figure  present*  profiles  for 
a single  vehicle  for  the  three  study  traverses.  The  figures  are  presented 
in  the  same  order  us  the  vehicles  are  listed  in  table  9.  In  each  case, 
the  vehicle  umber  follows  the  figura  nwber. 
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Fig.  El.  (1)  Oil-road  mobility  profile,  R151A2  1/4-ton,  4x4  truck,  utility 
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tig.  U2.  (2)  Oil- rand  Mobility  protilo,  1/4-ton,  4x4  truck,  utility 


****** 


tojj* 

1 


K. 


U<a»  t Uuriauny 


'X  / 


l 


‘1«  1 

jS^l'huilmul 
. i 4 


1 V: 

‘1  N 


** 


«% 


■ + 


Arizona 


• • A*  4 • 
* • 

— 


v -aa* 


«^l«i  In 


‘*‘*,r'~iiii|ni  in  iii n— in.. .^ti 


i r 1 L r . i i ' id  l.  1.  i ! i m!.C : 


Vig.  E4.  (4)  Off-road  nobility  |>rofilB,  l/4-ton,  4*2  truck,  utility 
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fig.  E6.  (6)  Off-road  mobility  profile,  1/4-ton,  4x4  truck,  utility 

with  M416  trailer 
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Fig.  E7.  (7)  Off-road  mobility  profile,  M151A2  1/4-ton,  4x2  truck,  utility 

with  M416  trail c" 
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Fig.  E8.  (8)  Of f-road  mobility  profile,  1/4-ton,  4x2  truck,  utility 

with  M41C  trailer 
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Fig.  E10.  (10)  Off-road  mobility  profile,  M37B1  3/4-ton,  4x4  truck,  cargo 

with  M101A1  trailer 
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Fig.  E15,  (15)  Off-road  mobility  profile,  .l-l/4-ton,  Ux'i  truck,  cargo 
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Fig.  E16.  (16)  Off-road  nobility  profile,  M715E1  1-1/4-ton,  4x2  truck,  cargo 
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Fig.  E17.  (17)  Off-road  mobility  profile,  1-1/4-ton,  4x2  truck,  cargo 
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fig  E20. 


(20)  Off-road  mobility  profile,  M561  1-1/4-ton,  6x6 

with  M101A1  trailer 


truck , cargo 
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Fljj.  E21.  (21)  Off-ropd  mobility  }>roille,  M501  1-1/4-ton,  <>x6  trunk, 

with  M102,  105mm,  light,  howitzer 
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Kig.  HZ 3.  (23)  Off- road  mobility  profile*,  MV  15151  1-1/4-ton, 

Ax2  truok,  cargo,  wlMi  MIDI  A 1 trailer 
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i'f.j,;,  >‘t»  (24)  O/i-road  uvobJ.liLy  plot  I to,  1-1/4-l.ou,  4h.2  truck,  cutgo 

with  M.tOl.Ai  l rtiil.-t 
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Mg,  1S27.  (27)  Oli-iiuul  mobility  pml  i ]»i,  M1SA2  2-l/2-t.»m,  0x4  truck, 

t in  go 
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l'lg.  1C29 . (29)  Ol  l-rowl  mob  J llfcy  ptoiilu,  M35A2  2-1/2-ton,  6x6  truck,  outgo 

with  M102- 1 Obwui  howitzer 


;m  i 


?CA 


♦ ’* 


J 

r 


% Ueut  Germany 

V- 


K 


*4 


i V liullend 

v...  *••*•... 

. •• 


• +*+4 


' Arizona  •••, 


^Ci 


a;;  o; 

CU.CH.'i  10'MI  I I ?'1  A'iCl 


ir.ii 


Klg,  K30.  (30)  Oil- road  mobility  jmiiile,  2-1/2-ton,  4x2  I nick,  cargo,  (1S1  in . WU) 

with  H105A2  trailer 
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iig.  K31.  (31)  Oil- road  mol) j lit.)'  profile),  M35A2  2 1/2- ton,  6n4  truck,  cargo 
with  HlO’iAZ  trailer 
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Pig.  MM.  02)  Oll-nmil  liability  imillUi,  MW I 'i  , «>*(»  t rurk , rurgo 
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I'iU-  K33.  (33)  Ofl-roml  muMlUy  profllu,  M6:>6  V-i.un,  Hxt>  truck,  car«<» 
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Fig.  1414.  (34)  Off-rond  Mobility  profile,  5-ton,  6xA  truck,  c«£go 
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Fig.  1£35. 


(35)  Off-roud  mobility  ]>rolil«,  MB13  5-ton,  <» xA 


MS13  5-ton,  6x6  truck,  cargo 
Fig.  E36.  (36)  Off-road  “ob^MU4Al- 155mm  ho«itter 
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Fig.  E37, 


(37)  Off-road  mobility  profile,  M656  5-ton,  8x8  truck,  cargo 
with  M114Al-155aan  howitzer 


249< 


< 


£50 


rA 


**a.^  Arixona 


V > 

V 

s\l  W«st  Gen»any^*-.^t  ' 

, <•.„  S'  ¥ ,a*,-a.*a../) 

Thailand  

* v . 

1 I ■--  ta. 


FEHCENT  TOTAL  DISTANCE 

Fig.  E39.  (39)  Otf-road  Mobility  profila,  M813  5-fcon,  6*4  truck,  cargo 
with  trailar 
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Fig.  £40.  (40)  Off-road  ■obillty  profile,  M520fcl  8-too,  4k4  truck,  cargo 
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Fig.  E41.  (41)  Off-road  Mobility  profile,  M818  5-ton,  6x6  truck,  tractor 
with  M127A1C  acni trailer 
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Fig.  E42.  (42)  Off-road  nobility  profile,  5-ton,  6x4  truck,  tractor,  (152  in.  WB) 
with  M127A1C  «eni trailer 
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Fig,  EA3.  (A3)  Off-ro«d  mobility  profile, 
with  M127A1C  semitrailer 
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Pig.  E44.  (*4)  Off-road  mobility  profile,  M818  5-ton,  6j;4  truck,  tractor 
with  M127A1C  *a«i trailer 
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Fig.  E45.  (45)  Off-road  mobility  profile,  M123A1C  10-ton,  6x6  truck,  tractor 

with  N172A1  semitrailer 
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Pig.  E46.  (46)  Off-road  mobility  profile,  10-ton, 
with  M172A1  artmitrailar 
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6x4  truck,  tractor,  (182  in.  WB) 
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Fig.  E47.  (47)  Off-road  mobility  profile,  XM746  22-1/2-ton,  8x6  truck,  tractor 

with  M747  semitrailer 
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Fig.  E4«.  (413)  Off-road  mobility  profile,  22-1/2-ton,  8x4 
with  M747  semitrailer 
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Off-road  mobility  profile,  M30A1  l/4-ton,  JixL  truck,  utility 
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APPENDIX  F:  FACTORS  CONTROLLING  SPEED 


A complete  speed  output  for  a given  vehicle  includes  the  percentage 
of  traverse  distance  at  vhich  each  of  10  factors  causes  immobilizations 
or  controlled  speed.  In  fig.  FI,  this  information  is  presented  in  the 
form  of  histograms  for  each  vehicle  in  the  off-road  areal  terrains  in 
each  traverse.  (The  vehicles  are  presented  in  the  same  order  as  listed 
in  table  9.)  The  percentage  of  traverse  distance  is  plotted  against  each 
of  the  10  controlling  factors,  identified  by  numbers,  as  follows; 

Controlling 

Factor  No.  Description 

Factors  Causing  Immobilization 

1 Surface  strength  less  than  minimum  required  for 
one  pass 

2 Available  traction  less  than  total  of  surface 
and  slope  resistances 

3 Obstacle  interference 

1*  Available  traction  less  than  total  of  surface, 

slope,  obstacle,  and  vegetation  resistances 

Factors  Controlling  Speed 

5 Ride  dynamics 

6 Total  of  surface  and  slope  resistances 

T Visibility 

0 Maneuvering 

9 Total  of  surface,  slope,  obstacle  and  vegetation 

resistances 

10  Acceleration  and  deceleration  between  obstacles 
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